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If a survey of behavioral pharmacology and toxicology in the seventies must be a
review, rather than an extensive treatise, it must be limited to a fraction of the
relevant topics. The reader who is skeptical of conventional caveats and apologies
can peruse the six volumes that make up just one third of the new Handbook of
Psychopharmacology (1) or count the references in papers on drugs, CNS functions,
and behavior that have appeared in this and related serials since the general reviews
by Weiss & Laties (2), Himwich & Alpers (3), and Kumar, Stolerman & Steinberg
(4). In fact, the original plan of this paper included a fairly broad range of topics,
and also a review of reviews on various aspects of psychopharmacology and behav-
ioral toxicology. However, the sheer size of the materials collected,? hundreds of
references to reviews and books in various areas of neuropsychopharmacology, only
for the period from 1970-1975, required the elimination of the general reference
section. Furthermore, the psychopharmacology section had to be limited to drug-
behavior interactions obtained in recent years with barbiturates, benzodiazepines,
and 5-hydroxytryptamine (5-HT) system agents that have an antipunishment ac-
tion. Finally, the behavioral toxicology section has been devoted mainly to two lines
of work that have considerable interest from both a methodological and a theoretical
viewpoint: to some aspects of the stimulus functions of drugs and to some of the
effects of drugs and other chemicals on behavioral development.

1Generic names of drugs were used whenever possible. US adopted names have been used
where several generic names are extant. When no generic names were available, well-known
(abridged) chemical names were adopted. When used more than once these were replaced by
common abbreviations indicated in the text.

The literature survey pertaining to this review was concluded at the end of May 1975. The
survey was greatly facilitated by the material received from several colleagues in different
countries, who were asked to send reprints, preprints, and information on work being prepared
for publication.
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This introduction must be extended by a brief discussion of the philosophies
underlying various approaches in neuropsychopharmacology, which are not obvi-
ous to the nonspecialist. On the one hand, it is not difficult to understand the
rationale of increasingly sophisticated screening programs, which attempt to assess
the properties of new agents, or that of studies concerned with correlations between
behavioral and physiological-biochemical events. On the other hand, it is sometimes
difficult to accept the hard fact that most of the interactions between treatments and
several organismic and test variables are not presently amenable to explanations in
physiological-biochemical terms. As a consequence, considerable efforts are re-
quired to establish provisional models of drug action in behavioral terms.

The analysis that follows considers in some detail two approaches leading to data
of considerable interest. The first can be broadly categorized as a functional analysis
of behavior changes induced by treatments. In fact, this approach uses a wide variety
of response outputs generated mainly by schedules of intermittent reinforcement in
order to identify the variables that can influence either size or direction of drug-
induced changes. The second makes use of provisional models of behavior organiza-
tion in terms that are neither strictly functional nor strictly physiological, but
intermediate between the two; in other words, it makes recourse to so-called as-
sumed processes or mechanisms in the analysis of input-output relationships (and
of drug effects thereon). Of course, both the above distinction and that between
physiological-biochemical and behavioral models are far from rigid. Nevertheless,
there still remains a substantial difference between a functional analysis saying,
“These effects of amphetamine are amenable (or not amenable) to a rate dependence
model” (see below) and an analysis saying, ‘“These same effects of amphetamine are
suggestive of an attentional (or a motor, or a motivational, or an associative) bias.”
On the other hand, both behavioral approaches make use of a wide variety of effects
in different, or even opposite, directions. When these are obtained with the same
drug and different experimental contingencies (or by measuring different outputs
given a particular contingency) the inevitable result is a complex (interactionist)
model of drug action. This is not easily reconciled with a brain-behavior (correla-
tional) approach, because even simple drug-behavior interactions have not yet been
accounted for in physiological-biochemical terms (e.g. the opposite effects of am-
phetamine on locomotor and on some “exploratory” activities).

BARBITURATES, BENZODIAZEPINES, AND 5-HT SYSTEM
AGENTS

Any discussion of psychotropic drug effects should start with a summary of studies
concerning “unlearned” behaviors—spontaneous activities of various kinds, feeding
and drinking responses, sexual and social responses—and then go on with data on
stimulus reactivity, habituation, and operant behaviors maintained by sensory rein-
forcement (e.g. illumination changes) and by intracranial reinforcement (self-stimu-
lation). This approach, however, would make it impossible to deal in any detail with
studies that can best illustrate the complexity of drug-behavior interactions. There-
fore, the following sections deal with drug effects on responses controlled by sched-
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ules of positive reinforcement, on differential response (discriminations), on
behavior suppressed by punishment, on response maintained by negative reinforce-
ment (escape-avoidance), and on changes in response caused by nonreinforcement
(extinction, frustrative nonreward). Finally, an attempt is made to analyze some of
the evidence on drugs that share one of the important properties of barbiturates and
benzodiazepines (the antipunishment action), namely, 5S-HT depletors and antago-
nists.

Operant Schedules with Positive Reinforcement

A well-known review published by Kelleher & Morse in 1968 (5) pointed out the
uselessness of labels such as stimulant and depressant drugs. In fact, the results
obtained with operant schedules® showed a series of remarkable analogies between
amphetamine, on the one side, and barbiturates and benzodiazepines (or even neuro-
leptics), on the other, consisting mainly of similar rate-dependent changes in various
situations. A well-known example can be drawn from fixed-interval (FI) schedules,
in which several agents can increase the low rates observed in the early portions of
the intervals (i.e. when a considerable delay separates the experimental subject from
the next available reward), and reduce the high rates observed later in the same
intervals. Of course, Kelleher & Morse (5) also pointed out that rate dependence
cannot be put on a par with the laws of physics and chemistry, as exemplified by
critical differences between barbiturates and benzodiazepines—enhancing low rates
in the presence of a punishment contingency—and amphetamine, having either
slight or no antipunishment effects.

In recent years the study of barbiturate and benzodiazepine effects on. behaviors
controlled by schedules of positive reinforcement has been extended in several
directions. In the first place, previous reports of a relative insensitivity to drug of
high and regular rates generated by small- and medium-sized fixed ratios (FRs) have
been ascribed to the insufficiency of the measurements made before computers
became available (7). In fact, a fine-grain analysis of pentobarbital effects in pigeons
showed a consistent reduction of postreinforcement pauses and an increased cohe-
sion of response patterns, two changes in good agreement with each other, with
enhancements of low rates reported previously, and with the antisatiety effects of
several barbiturates. The use of FRs of increasing size indicated a greater persistence
of response in spite of less and less favorable reinforcement contingencies after
administration of phenobarbital or chlordiazepoxide to pigeons (8). Furthermore,
rats performing in extended FR sessions were employed to assess interactions be-
tween drug treatments and behavior changes induced by satiation. Interestingly
enough, out of several agents that were able to increase response controlled by other
schedules, phenobarbital, meprobamate, and chlordiazepoxide showed an antisa-
tiety action, while diazepam did not, and oxazepam worked in the opposite direction
(9, 10). On the other hand, unexplained differences between the effects of various

3No attempt can be made here to describe the schedules mentioned. While the standard
reference must remain the textbook by Ferster & Skinner (6), much essential information can
be found in condensed form in the review by Kelleher & Morse (5).
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benzodiazepines on variable-interval (VI) response in rats appeared also in a study
comparing several compounds. Only oxazepam gave a conventional profile—rate
increases at low doses and rate decreases at higher doses—while only rate decreases
reached statistical significance after chlordiazepoxide and diazepam, and no changes
were observed over a wide dosage range with temazepam (11). One could speculate
here that the use of schedules generating borderline rates (lower than those that are
easily increased and higher than those that can be only decreased) could be exploited
to analyze further subtle differences within a given drug category. In fact, another
study showed few, if any, enhancing effects on FI response after chlordiazepoxide,
inconsistent enhancements after diazepam, and marked enhancements after pheno-
barbital (12). As concerns benzodiazepines, these data obtained with pigeons, in
contrast with those obtained in similar schedules either in the same or in different
species (5, 13), indicate that the analysis of treatment and test factors interacting
to produce widely differing changes in response is far from complete.

The rate dependence of pentobarbital effects in pigeons was further confirmed by
the use of conjunctive FR-FI schedules. However, given the same baseline rate,
drug-induced enhancements of FR response were less marked than those of FI
response when the two components were scheduled on separate keys (14). Further-
more, reductions of high FR rates in pigeons, also after pentobarbital, were found
to be about the same in multiple and in mixed FR-FI schedules, while high (termi-
nal) FI rates appeared more resistant to reduction in mixed, than in multiple
schedules (15). These interactions led to a discussion of treatment effects as a
function of stimulus control of behavior, especially because a well-known study had
shown an attenuation of the typical effects of pentobarbital on FI response in pigeons
when the behavior was under the control of a succession of exteroceptive stimuli
(so-called FI with superimposed clock) (16). In a recent study, also using pigeons,
indentical VI periods were associated to different key colors, leading to substantial
differences in response rates in spite of identical contingencies in various portions
of the schedule. These differences were markedly reduced by diazepam, due mainly
to rate enhancements during the presentation of the less preferred colors (green,
yellow, and red) after 0.62 and 2.5 mg/kg, and to a rate reduction during the
presentation of the favorite color (blue) after a higher dose (5 mg/kg) (16a). In
another investigation, again with pigeons, even-numbered minutesin a long FI went
with a stimulus identical with that presented when food was delivered (SP), while
.odd-numbered minutes went with one or the other of several stimulus conditions
never associated with food delivery (S2). Enhancements of low rates were obtained
with amobarbital in the presence of both types of stimuli, but they were less marked
in some of the S2 conditions apparently exerting a strong inhibitory control (17).

Complex manipulations of the relationships between stimuli, responses, and rein-
forcements were also performed in a study on pigeons, in which one component of
a multiple VI-VI schedule was substituted either by VI with a prereinforcement
signal (which led to marked response reduction in the VI + signal component, and
to a marked response enhancement in the regular VI component), or by administra-
tion of gratis food at irregular intervals, variable time (VT), which led to a marked
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rate reduction in VT itself, and to a moderate reduction in the regular VI compo-
nent. This study allowed a striking separation between the effects of amphetamine,
which lost its ability to enhance low rates, and those of phenobarbital, which
maintained such ability both in VI + signal and in VT (18).

Equally interesting results were obtained by measuring not only schedule-con-
trolled responses, but also schedule-induced (adjunctive) responses, that is, behav-
iors such as drinking an excess amount of water that can develop upon exposure
to schedules of intermittent reinforcement. For example, a study showed that ad-
junctive licking could remain basically unaffected after doses of pentobarbital and
amphetamine, which increased response in second-order schedules (19). An experi-
ment showed that the development of adjunctive drinking can take place at a
normal, or even at a higher rate during the chronic administration of chlordiazepox-
ide (19a). Another study measured both schedule-controlled and adjunctive compo-
nents of the same output—licking on a FI schedule by rats—and showed a
remarkable insensitivity of the latter to chlordiazepoxide at doses that induced
substantial increases of the former (20). The same study also revealed differences
between chlordiazepoxide and amphetamine, since both schedule-controlled and
adjunctive responses were insensitive to the latter agent until depressant effects
appeared at higher doses. Somewhat different results were obtained in a study with
squirrel monkeys, which used the same FI contingency and showed chlordiazepox-
ide enhancements of both schedule-controlled lever pressing and schedule-induced
water or ethanol consumption (21).

Additional differences in drug profiles were obtained by extending operant studies
to mouse responses in a multiple FR-FI schedule. A preliminary report of this work
suggests that amphetamine has conventional effects (enhancement of low FI rates
and reduction of high FR rates), while both FI and FR response enhancements are
indicated for pentobarbital (22). Regarding schedules with differential reinforce-
ment of low rates (DRL), previous studies showing enhanced response frequencies
and reduced reinforcement frequencies after barbiturates and benzodiazepines were
replicated with similar results in the same and in other spaced-responding schedules
(23-25). However, response-enhancing effects of chlordiazepoxide (and also, of
amphetamine) were negligible or absent in a study with pigeons, while higher doses
of both agents were able to reduce response rates (26). Another remarkable excep-
tion to drug enhancement of responses emitted at low rates was obtained by super-
imposing a classical alimentary stimulus (ie. a signal paired with gratis food)
during VI sessions, leading to a suppression similar to that induced by classically
conditioned aversive stimuli. No attenuation of such suppression was obtained with
chlordiazepoxide and with diazepam in rats and monkeys, while additional tests
limited to chlordiazepoxide and to rats showed a drug disinhibition of responses
suppressed by a fear signal (see below). Symmetrically opposite results were ob-
tained with amphetamine, which enhanced low rates during the presentation of
classical alimentary CS, but not during the presentation of classical aversive CS (27).

In summary, recent work with operant schedules has shown (a) several important
differences both within and between drug groups, (b) several differences in rate-
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dependence functions obtained with given drugs, due to differences in test variables
including those that affect stimulus control of behavior, and (c¢) some remarkable
exceptions to the rate-dependence phenomenon, to be discussed again in a later
section.

Experiments on Discriminations

Several experiments with either discrete-trial or operant discriminations were car-
ried out in an attempt to answer particular questions, that is, should the disruption
of differential response by barbiturates and benzodiazepines be ascribed to (@) a
general psychomotor depression (overall response reduction, leading to a relative
increase of incorrect responses), or to (b) attentional, associative, or motivational
changes (parallel decreases of correct responses and increases of incorrect re-
sponses), to be further separated from each other by appropriate control experi-
ments, or (¢) an impairment of response control (selective reappearance of
previously suppressed responses)? Although most data on aversively motivated
behaviors are not examined until later, the following discussion must consider
several results obtained with alimentary and defensive discrimination tasks. A fairly
large portion of the available data on discriminations (28-33)—to be considered in
conjunction with (@) the enhancements of low rates in operant schedules (see above)
and (&) the enhancements of avoidance and extinction rates (see later sections)—
apparently supports a response disinhibition model of benzodiazepine and barbitu-
rate effects. A closer analysis of the data, however, shows a wide variety of interac-
tions between treatment factors and species, stimulus, response, and other
experimental factors. In some instances the results were only superficially in con-
trast with a disinhibition hypothesis since, for example, one can easily understand
why an impairment of response control should lead to more marked changes in a
successive, than in a simultaneous discrimination (28).

In other instances treatment factors seem to dominate the picture, as in a series
of experiments on delayed matching in which both the presence or absence of an
influence of the delay factor, and the balance between “go” (omission) and “no go”
(commission) errors, depended on the agent used. Disinhibitory phenomena seemed
to be absent in the case of several barbiturates, while mixed profiles of remarkable
complexity were obtained with various benzodiazepines (34, 35). Furthermore,
several studies using vigilance (signal detection) tasks with either positive or nega-
tive reinforcement gave variable ratios of “go” and “no go” errors after secobarbital
in monkeys, as shown by the data reported in (36, 37) and in several previous papers
quoted therein. Because omission errors accounted for most, if not all, of the
disruption observed with chlorpromazine, it can be shown that the variability of the
barbiturate profile should be considered as a genuine drug-task interaction, rather
than as a consequence of differences between tasks per se.

The present discussion cannot be extended to include all available experiments,
for example those concerning repeated acquisition of response chains (38, 39, 39a),
those on discrimination behaviors requiring a joint use of exteroceptive and re-
sponse-produced cues (40, 40a), those on discrimination of the pressure exerted on
an operandum (41), and those on alternation behaviors (42, 43, 43a). However, the
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above and several other results indicate that drug-induced changes of differential
response are not amenable to simple models such as disinhibition or rate depen-
dence. This is also shown by studies finding improved differential response after
amobarbital (44) and after chlordiazepoxide (45), due to a selective reduction of
lever presses during nonreinforced signals. Finally, it must be emphasized that the
above inconsistencies cannot be explained by using higher or lower cost of incorrect
response as a criterion of classification. In fact, a closer analysis of the above and
of several previous studies would reveal that presence or absence of given changes,
for example response disinhibition, cannot be related systematically to the conse-
quences, at the reinforcement level, of inappropriate response.

An analysis of discriminative functions of barbiturates and benzodiazepines
(state-dependent learning) is outside the scope of this discussion, especially since the
reader can be referred to several recent papers and reviews in (46, 47). It can only
be mentioned here that dissociation phenomena caused by transitions from the drug
to the no-drug state, or vice versa, have been repeatedly exploited in experiments
on habit reversal. Interestingly enough, state changes facilitated the acquisition of
behavior incompatible with that established previously not only in several experi-
ments using presession treatments (48-54), but also in a study using one-trial
discrimination learning and treatments administered immediately after the first
exposure (55). Another line of work to which considerable efforts were devoted in
the sixties [see (56, 57) and the papers quoted therein] regards the tranquilizer
prevention of “fixations,” that is, those stereotypes that are caused by exposure to
insoluble problems and that interfere with discrimination learning when the prob-
lem is made soluble. Benzodiazepine effects in situations causing “neurosis” have
also been investigated by tests in which monkeys become inactive (58), or in which
rats make an increasing use of an escape (“‘time out”) platform (59), when discrimi-
nation is made more and more difficult. Treatment with diazepam (58) or with
chlordiazepoxide (§9) was found to facilitate discrimination by reducing the above
phenomena. Both fixation induced by exposure to insoluble problems in the Lashley
jumping stand (56, 57) and neurosis triggered by increasingly difficult discrimina-
tions between signals corresponding to reward and punishment (58, 59) are gener-
ally ascribed to the high aversiveness of the situation. Therefore, the above effects
appear to be directly related to the antipunishment properties discussed in the
following section. Drug studies exploiting lack of adaptation to experimental contin-
gencies are not limited to paradigms that mimic those originally used in the famous
experiments by the Pavlovian school. For example, dogs of a “genetically nervous”
strain with low performances in a simple bar-press task with food reinforcement
showed operant rates similar to those of a ‘“stable” strain after treatment with
chlordiazepoxide (60). The authors of this study, however, have emphasized “the
superficial nature of the improved behavior,” based on the fact that most of the
animals stopped bar pressing and assumed rigid (“frozen’”) postures within two days
after medication withdrawal (60a).

In summary, from the considerable amount of work on discrimination some firm
conclusions can be drawn concerning facilitation of habit reversal by state changes,
and facilitation of discrimination behavior disrupted by events that can be classified
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as aversive. On the other hand, little progress has been made in the understanding
of mechanisms responsible for drug effects on several types of discrimination—an
uncomfortable conclusion indeed, if one considers that these compounds are used
not only as sedative-hypnotics, but also at times when people must engage in their
regular activities.

Behavior Suppressed by Punishment

When considering the most popular types of barbiturate and benzodiazepine effects
—those on behaviors modified by punishment (present section) and those on behav-
iors maintained by negative reinforcement (next section)—one quickly discovers
that the simplified “antiemotional” explanations that prevailed until about the
midsixties have been seriously questioned over the past few years. However, at least
one category of effects has withstood experimental testing in a wide variety of
different situations, namely, the drug attenuation of the suppression of ongoing
behaviors by response-contingent punishment (5, 61, 62). It is well known that this
antipunishment effect, which is best shown by approach-avoidance (Geller type)
schedules, cannot be ascribed to an antinociceptive action of barbiturates and ben-
zodiazepines. This is shown by the negative results obtained with potent analgesic
agents (5), and also by recent results indicating that the size of the analgesic action
of chlordiazepoxide in spatial preference and titration tests is much less than that
of its antipunishment action (63, 64).

Barbiturate and benzodiazepine effects on behavior suppressed by response-con-
tingent punishment have been confirmed by a great number of studies published over
the past few years, most of which cannot even be listed with the literature cited.
Some of these studies must be mentioned because they made accurate comparisons
of rate-dependent effects on punished and unpunished behavior (13, 65-67), or
analyzed interactions between treatment and other factors such as punishment
intensity (68), or took into account nonmonotonic (Kamin type) response changes
in the first 24 hr after punishment of an approach response (69). Other studies
provided indications on central sites of action by showing that oxazepam given
systemically could alleviate the intensified suppression caused by localized choliner-
gic treatment of the hypothalamus (70) and of the dorsal raphe (71). Several experi-
ments obtained changes in the expected direction by a variety of methods, such as
a simplified test measuring punishment effects on licking responses (66a, 72), dis-
crete-trial approach-avoidance tasks with either shocks (73) or air blasts (74) as the
punishing events, and maze tasks in which performance tends to deteriorate with
heating of the floor (75).

Antipunishment effects usually measured in rats, pigeons, and monkeys have also
been observed in goldfish treated with phenobarbital (76) and in pigs treated with
diazepam or with phenobarbital (77, 77a), while the effects of chlordiazepoxide were
surprisingly small in the latter species (78). A study pointed out that antipunishment
effects obtained with amobarbital, normally disappearing upon abrupt discontinua-
tion of treatment, can be carried over to the no-drug state if the drug is withdrawn
gradually (79). By the use of repeated treatments it could be shown that no tolerance
to oxazepam develops with respect to antipunishment properties, while depression
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of unpunished behavior can be rapidly attenuated (80). A similar result was obtained
by using flurazepam at doses sufficient to depress unpunished response, and exerting
little effect on punished low rates. Repeated treatments led to an attenuation of the
response suppression, and to an appearance of a marked antipunishment action (81).
Analogies and differences between drugs were repeatedly investigated. For example,
a study using rats showed chlordiazepoxide enhancements of both unpunished and
punished responses over a fairly wide dosage range, while a strong tendency toward
reduction of unpunished VI rates by pentobarbital was paralleled by a slight an-
tipunishment action (82). On the other hand, no substantial differences between the
antipunishment effects of the two drugs were observed in a study using pigeons, in
which the treatments also exerted similar effects on unpunished behavior (66).

As illustrated in the above-mentioned review by Kelleher & Morse (5), behavior
suppression by stimuli paired with noncontingent shock is not alleviated by barbitu-
rates and benzodiazepines as consistently as suppression by contingent shock. Fur-
thermore, the same reviewers hypothesized that the former type of suppression
might be substantially insensitive to drugs, while disinhibition, when observed,
could perhaps be ascribed to adventitious punishment phenomena. In fact, positive
results had been obtained by the use of short intervals between the conditioned
stimulus (CS) and the unconditioned stimulus (UCS), that is, in situations in which
noncontingent shock can be easily “perceived” as if it were response-contingent.
This type of explanation has been rejected by Millenson & Leslie in a paper that
provides several of the more recent references (83). These investigators have at-
tempted to show that the apparently inconsistent results obtained in tests with
noncontingent shock were due either to the treatment schedules (acute treatments
more effective than chronic treatments) or to the procedures used for the measure-
ment of classically conditioned emotional responses (CERs) (operant and instru-
mental outputs more sensitive to drug than consummatory outputs). Assuming for
a moment that these criteria of classification have general validity, several problems
would still remain without solution. In fact, it would be difficult to understand why
the use of chronic treatment schedules, or of consummatory behaviors, should allow
the drugs to exert disinhibiting effects in the case of response-contingent shock (see
several of the papers quoted above), while leading to inconsistent, or even to oppo-
site (paradoxical) effects (84) in the case of CER situations, not to speak of the
inconsistencies between studies comparing drug effects on CER acquisition and
performance (85, 86).

Some recent experiments have shown a benzodiazepine attenuation of suppression
in CER tests using both short (27) and long (87) CS-UCS intervals. The latter study
used overtrained animals with well-developed “inhibition of delay”—or “temporal
discrimination”—i.e. with normal or near normal response rates at the beginning
of the CS presentation period and an increasing suppression in successive portions
of the 5-min CS-UCS interval. A breakdown of the data revealed a rate dependence
of oxazepam effects, because high rates in the initial portions of the intervals were
reduced while low rates in later portions were increased. An effort was also made
to compare more directly the effects of drugs as a function of presence or absence
of a response-shock contingency, which was achieved by using pigeons performing
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in a FI schedule (88). Some of the animals received response-contingent shocks,
while others were “yoked” to the former ones so as to receive noncontingent shocks.
Both pentobarbital and chlordiazepoxide produced the expected attenuation of
suppression with the punishment procedure, while only pentobarbital was effective
in yoked animals. A similar experiment used rats performing in a VI schedule, and
showed much larger disinhibiting effects of chlordiazepoxide in the animals pun-
ished with response-contingent shock, than in those receiving noncontingent shock
(88a); (this study must also be recommended for a concise analysis of the mecha-
nisms that may be responsible for different consequences of contingent vs noncontin-
gent shock). Finally, one can mention here a study that made use of an insufficiently
exploited sensitization phenomenon, namely, the enhancement by prior exposure to
strong noncontingent shock of the suppressant effects of mild contingent shock. By
treating animals during the initial shock exposure it was shown that the dose of
pentobarbital required to prevent sensitization was quite high, at least when com-
pared to those that are sufficient to disinhibit punished response (89).

The above picture is further complicated by passive avoidance and classical
conditioning studies other than those measuring the suppression of ongoing alimen-
tary responses. As concerns the former, disinhibiting effects were obtained with
several benzodiazepines and barbiturates (90-92). One of the studies, however,
showed by appropriate controls that the chlordiazepoxide impairment of passive
avoidance should be largely ascribed to state-dependence phenomena (92). Two
studies measured activity in a Y maze and passive avoidance of the arm in which
rats had previously been shocked (note, however, that this initial shock exposure
had not been made contingent upon entry into the arm itself). Passive avoidance was
attenuated both by amobarbital (93) and by chlordiazepoxide (94), but its extinction
was either unaffected or retarded. Passive avoidance of “naturally” fearful situations
was attenuated by benzodiazepines and barbiturates in the case of an elevated
(open-side) arm test in a Y maze, but not in the case of a brightly illuminated arm
test (95, 96). A marked disruption of rat passive avoidance was also found with
posttrial pentobarbital treatment. The appropriate controls, however, showed that
this effect was due to a retrograde state-dependent learning similar to what has been
mentioned when speaking of facilitation of habit reversal by changes of state (55,
97, 98). Finally, an experiment exploited the disturbances of rat passive avoidance
that are caused by changes in the illumination cycle. The effects of chlordiazepoxide
administered in the drinking water were mainly in the direction of an accelerated
recovery of passive avoidance abilities after phase shifts (99).

As concerns responses to classically conditioned fear stimuli the sole purpose of
comparing drug effects on a wide variety of different outputs can be that of showing
the slight heuristic value of terms such as ““antiemotional (antifear) action.” Overt
responses of rats to buzzers previously paired with shock were markedly reduced
by chlordiazepoxide and by phenobarbital (100). Several motor and autonomic
responses elicited in cats by clicks paired with aversive midbrain stimulation were
attenuated by chlordiazepoxide and by nitrazepam (101). A study showed a chlor-
diazepoxide reduction of classically conditioned (nictitating membrane) responses
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in rabbits (102). On the other hand, the same group showed that treatment prior
to tone-shock pairings did not prevent the CS from acquiring avoidance-enhancing
properties (103). A similar result was obtained in rats with exposure to CS-UCS
pairings in the no-drug state, followed by treatment sessions in the amobarbital state
in which the effects of the classical CS on avoidance response were measured in an
extinction paradigm (104). Such maintenance of the response-enhancing properties
of classical CS both in a drug-no-drug (103) and in a no-drug-drug (104) paradigm
excludes both an antifear effect of the drugs used, and a state-dependence explana-
tion of the failure to obtain significant deviations from the controls. Interestingly
enough, the latter experiment was paralleled by another study in which a stimulus
previously paired to amobarbital treatment was able to exert a depressant effect on
active avoidance response (105).

In summary, several data show that barbiturate and benzodiazepine effects in
situations with either contingent or noncontingent exposure to aversive events can-
not be explained on the basis of one-factor models of drug action. Many of these
data open the door to a more systematic analysis of interactions between treatment
factors (different drugs, acute versus chronic schedules), organismic factors (species
and strains), and test factors such as operant (instrumental) versus consummatory
ongoing behaviors, CS modality and intensity, UCS duration and intensity, tempo-
ral relationships between CS and UCS, and of course presence versus absence of a
response-shock contingency. Several factors that can favor, or prevent, the transfer
of drug-induced changes from the treatment to the no-treatment state should also
be investigated by acquisition and performance experiments and by different sched-
ules of treatment withdrawal, given the interest of these phenomena in human
psychopharmacology.

Behavior Maintained by Negative Reinforcement

The experiments on behaviors maintained by negative reinforcement have provided
much evidence that is again incompatible with unqualified antifear models of barbi-
turate and benzodiazepine action. Most of the earlier studies, which cannot be
reviewed here, had shown that active avoidance depression by these agents, even
when not entirely ascribable to sedation or to motor incapacitation, was far from
being as selective as the one obtained with phenothiazines and butyrophenones.
Some of these earlier studies using operant escape-avoidance techniques had already
pointed out a complex profile of rate increases and decreases after drug treatments,
mostly in agreement with a rate-dependence model (106). A more recent study used
monkeys performing in a multiple VI escape schedule with response termination of
noise paired to irregularly pulsed shock in one component, and response termination
of continuous shock of low intensity in the other component. In agreement with
previous results denying a specific antiavoidance action of benzodiazepines, chlor-
diazepoxide was found to be more effective in reducing response rates in the latter,
than in the former component of the schedule (107).

On the other hand, many experiments carried out over the past decade have
shown that several barbiturates and benzodiazepines, when given at doses lower
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than those endowed with an antiavoidance action, can facilitate the acquisition
and/or the performance of two-way (shuttle box) and lever-press avoidance re-
sponses (81, 108—121). Furthermore, some experiments carried out in parallel with
one of the two-way studies mentioned above showed no effects of chlordiazepoxide
on the acquisition of one-way avoidance and a depressant action of the same drug
on the acquisition of pole-climbing avoidance (119, 122). The attempts to explain
the avoidance facilitation obtained in particular situations have generally made
recourse to models emphasizing drug effects on suppression phenomena that inter-
fere with active response. (These are ascribed to the general aversiveness of the tasks,
to the confounding of safe and unsafe parts of the apparatus in bidirectional tests,
and to adventitious punishment of outputs that are just about to fulfill a response
criterion when a scheduled shock is turned on.) In other words, facilitation is
explained by a greater drug influence on response suppression, than on response
activation, in agreement with the fact that antipunishment effects have repeatedly
been shown to be more specific than antiavoidance effects.

Given the variable balance between activation and suppression phenomena in
apparently similar avoidance tasks, leading to different acquisition rates and perfor-
mance asymptotes, one could disregard several failures to show a facilitation, which
have been reported in references 103, 123, and 124. Surprisingly enough, however,
some experiments showed an absence of two-way avoidance facilitation with a drug
effective in other experiments mentioned above (amobarbital), and in conditions
allowing the appearance of response enhancements after treatment with a nonbar-
biturate sedative (methylpentinol) (125, 126).

Several data should be analyzed in detail in order to account for at least part of
the variability in avoidance changes, such as the interactions between treatment and
strain factors in a mouse study using both active and passive avoidance (91); the
drug modification of repertoires elicited by shock (127); the drug depression of
pseudoconditioned response with unpaired presentations of noise and shocks (128);
and the interactions between treatment and stimulus factors, allowing a drug facili-
tation in the presence, but not in the absence, of stimulus events providing a response
feedback (109). Furthermore, state-dependence phenomena have been shown to
vary from one situation to the other (109, 111, 112, 117, 119, 122, 129-131). When
present, they consisted sometimes of symmetrical decrements with changes of state
in either direction, and sometimes of an asymmetrical dissociation with decrements
after drug-no-drug transitions, but not after no-drug-drug transitions. Complex
interactions between treatments (drugs and doses), test factors (responses, use of
special procedures such as forced extinction by flooding), and state-dependence
phenomena should also be analyzed to understand a wide variety of drug effects on
extinction of avoidance, for which the reader must be referred to the original studies
(104, 119, 122, 132-136).

Finally, several experiments conducted in recent years have dealt with drug effects
on heart rate, respiratory rate, blood pressure, temperature, and urine excretion in
animals performing escape-avoidance tasks or exposed to classical contingencies
(137-141). In agreement with the data showing a drug-induced reduction of plasma
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corticosterone changes upon exposure to nonspecific stress (142) or to escapable
shock (143), these studies have pointed out an attenuation of the above responses
by barbiturates and benzodiazepines. By consulting the original papers, however,
the reader will quickly discover that the authors disagree with respect to relative
effectiveness of drugs on specified motor outputs, such as avoidance and classically
conditioned responses, and on other outputs.

In summary, the results concerning behaviors maintained by negative reinforce-
ment support the conclusions outlined in the previous section. Many data suggest
that avoidance facilitation can result from the attenuation of punishment suppres-
sion. Other data confirm that the relations between antipunishment and other drug
effects are still poorly understood, while the evidence on interactions between treat-
ment factors, response and other test factors, and state-dependence phenomena
provides the basis for testing multifactorial models of drug action.

Changes in Positively Reinforcing Events: Extinction, Frustrative
Nonreward, and Incentive Shifts

Experimental manipulations of positively reinforcing events have been shown to
cause a wide variety of response changes, as shown by the extensive literature on
extinction, frustrative nonreward, and incentive shifts. In particular, several theo-
rists support the view that nonobtention of anticipated (*‘expected”) rewards leads
in the first place to emotional changes (frustration reaction), and in the second place
to conditioning phenomena by which nonreward-related stimuli acquire control
over instrumental or operant responses (144, 145). In order to simplify the discus-
sion of drug-induced changes one can add here that several phenomena have been
ascribed to the above processes, namely, (@) the higher running speeds observed
during acquisition (particularly in the second part of it) with partial reinforcement
(PRF) than with consistent reinforcement (CRF) (the partial reinforcement acquisi-
tion effect, PRAE); (b) the greater resistance to extinction after PRF than after CRF
(the partial reinforcement extinction effect, PREE); (c) the greater running speed
in the second alley of an apparatus with two goal boxes when an anticipated reward
is missed in the first box (the double alley frustration effect, DAFE); and (d) the
tendency to escape from a situation in which an anticipated reward is missed (escape
from frustration, EFR). Given the above theoretical framework, and the resulting
“fear = frustration hypothesis,” it is not surprising that runway tests, or their
operant equivalents, have often been used to confirm the antiemotional effects of
benzodiazepines and barbiturates and also, after such effects are considered proved,
to achieve a separation between emotional and nonemotional phenomena in PRF
and other experiments with manipulation of reinforcing events.

Since two well-known studies published in the early sixties, showing respectively
an antiextinction (146) and an anti-PRAE (147) effect of amobarbital in rats, several
experiments with barbiturates and benzodiazepines, also using rats, have yielded
results supporting the above assumptions. This applies to the drug retardation of
extinction (148-154), to the attenuation or disappearance of the PRAE (155, 156),
and to the attenuation of EFR (155). Furthermore, the drugs were found to prevent
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the response attenuation caused by a reduction of reward magnitude (157-159),
while the response depression caused by reinforcement withdrawal in a discrete-trial
lever-press task was antagonized by chlordiazepoxide, but not by phenobarbital and
pentobarbital (160). A control study showed no drug influence on response enhance-
ments caused by an increase of reward magnitude, thereby excluding the possibility
that the above results might be ascribed to an impaired perception of changes in
reinforcement size (161). A more complex experiment exploited response enhance-
ments and reductions caused by signals paired to incentive shifts in opposite direc-
tions, and showed differential drug effects essentially similar to those outlined above
(162).

From a certain point on, however, the results of both nonpharmacological and
pharmacological experiments created a situation of an amazing complexity. Frustra-
tion models were substantially modified by theorists who emphasized the variable
balance between emotional (aversive) and nonemotional (perceptual-cognitive) con-
sequences of PRF, based mainly on experiments with different sequences of reward
and nonreward (163). Alternative explanations of PRF consequences were also
provided, based mainly on the finding that nonobtention of anticipated reinforce-
ments can lead to opposite changes in consummatory outputs (depressed) and
instrumental outputs (enhanced) (164).

On the pharmacologist’s side, some experiments with barbiturates found either
a minimal effect on extinction (44) or a decreased resistance to extinction (165), with
complex interactions depending on schedules of treatment and of drug withdrawal
(abrupt versus gradual) (166). A control experiment showed that this paradoxical
acceleration of extinction was to a large extent independent of state changes (165).
Another study using chlordiazepoxide showed the expected increase of response in
extinction, but the drug was unable to affect the changes in response force (167).
Furthermore, benzodiazepine effects on extinguished behavior have been far from
consistent (65, 66a, 67). Repeated attempts to interfere with the DAFE by amobar-
bital treatment resulted in clear-cut failures (155, 168—-171), while one success was
scored by using rats made dependent on barbital (172). A drug attenuation of the
PREE was demonstrated in animals trained without drug and extinguished with
drug, but not in animals trained and extinguished in the drug state, while variable
results were obtained with animals trained with drug and extinguished without drug
(150, 151, 154, 155, 169). Therefore, few conclusions could be drawn concerning the
relative role of drug effects on PRF consequences and of state-dependence phenom-
ena. Finally, the complexity of the results obtained prevents a detailed analysis of
a remarkable series of amobarbital studies concerning PRF and CRF with different
spacing of trials (173), the PREE following a limited acquisition experience (174),
different magnitudes of consistent reinforcement (175), and treatment schedules
based on sequential hypotheses (differential effects of drug given either before nonre-
warded trials followed by rewarded trials, or before rewarded trials followed by
nonrewarded trials) (176). At this point the reader must be referred to a recent
review that attempts to reconcile several of the above inconsistencies with the notion
of an antiemotional mechanism of action of barbiturates and benzodiazepines
(176a).
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Speculations on the Nature of Drug-Behavior Interactions

A discussion of some of the factors that may influence the size, or even the direction,
of barbiturate and benzodiazepine effects can exploit selected data obtained with
agents that are known both for their rate-dependent effects and for their different
profiles with respect to feeding and drinking responses. In fact, these consummatory
behaviors are uniformly depressed by amphetamine, while they remain unaffected,
or are enhanced, after barbiturate and benzodiazepine treatments (except, of course,
at doses that cause heavy sedation and motor impairment). Given these differences,
one can consider enhancements of low response rates as a function of response
consequences at the reinforcement level. A hypothesis that response cost per se
discriminates between drug profiles is quickly disproven by several data showing
amphetamine, barbiturate, and benzodiazepine enhancements both in the absence,
and in the presence of a reduction of reinforcement frequency (e.g. FI versus DRL
schedules) (5). On the other hand, a striking attenuation of amphetamine changes
has been observed sometimes when measuring “operants” drawn from the consum-
matory repertoire, such as FI-licking by rats (20), or when measuring responses with
mixed consummatory and preparatory (instrumental) properties controlled by
schedules with adverse consequences of hyperresponse, such as DRL key-pecking
by pigeons (26). Furthermore, enhancements of low rates by chlordiazepoxide have
been found when measuring FI-licking (20), that is, when the operant was drawn
from the consummatory repertoire and the schedule was without adverse conse-
quences of hyperresponding. In contrast, the usual effect of the same drug on DRL
was at least markedly attenvated when key-pecking responses of pigeons were
studied (26). Finally, the contrasting profiles of amphetamine and of barbiturates
and benzodiazepines on punishment suppression were reversed in experiments on
suppression by stimuli paired with gratis food, which are known to elicit classically
conditioned consummatory responses at the expense of ongoing instrumental behav-
ior (177). In such a situation, amphetamine-treated animals resumed operant re-
sponse, while benzodiazepine-treated animals did not (27).

A more detailed analysis should consider several other data showing exceptions
to the absence of antipunishment effects in amphetamine-treated animals, excep-
tions to the antipunishment properties of barbiturates and benzodiazepines, and
also, exceptions to the exceptions (e.g. instances in which amphetamine enhanced
responses drawn from the consummatory repertoire). Nevertheless the above data,
when considered with the complex effects of barbiturates and benzodiazepines on
extinction and frustrative nonreward, suggest that several types of interactions have
not been sufficiently explored. Some of the critical factors, taken one by one, have
indeed received much attention; for example, the differences between drugs belong-
ing to the same class in particular situations; the different “reversal points” in
nonmonotonic dose-response functions, depending on the test used; and quantitative
differences in rate-dependence functions, depending on the schedule. Others seem
to offer much space to future investigations, as suggested by the above interactions
between (@) treatments that enhance, or depress, consummatory outputs; (b) re-
sponses drawn from different components of a species-specific repertoire (mainly
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preparatory, or mainly consummatory, or with mixed properties as in the case of
bird pecks); and (c) schedules generating low rates either with, or without, adverse
consequences of hyperresponse at the reinforcement level. Drug effects as a function
of stimulus control of behavior are also amenable to a similar analysis.* In fact,
nonpharmacological studies designed to maximize the separation between “consum-
matory” and “instrumental” properties of stimuli have shown that the two types
of signals can elicit entirely different types of response changes in the dog (177). (Of
course, this divergence is facilitated by the fact that instrumental and consummatory
activities are more easily separated from each other in the dog than in other labora-
tory animals.) Finally, the finding (also in dogs) of opposite effects of partial rein-
forcement on consummatory activities (depressed) and on instrumental activities
(enhanced) shows that alternative models of nonreward consequences (164) and of
drug effects thereon must be explored by parallel measurements of several types of
responses.

If the above or other similar phenomena can be shown to account for at least part
of the observed variance, then the relations between behavioral and physiological-
biochemical models of drug action can cease to be antagonistic. In fact, the problem
would not be any more than of knowing all that happens in the CNS when a
particular drug, given various contingencies, leads to different types of response
changes; in Oppenheimer’s terms, this is a useless attempt to explain “‘everything.”
A more rational solution might be to employ consistent physiological-biochemical
data accounting for a series of basic events (e.g. drug-induced changes at the level
of different sensory, response, and reinforcement systems) as building blocks in
behavioral models—a combination of reductionist and nonreductionist philosophies
for the purpose of explaining “anything.”

Some Behavioral Data Pertaining to the 5-HT Hypothesis of
Tranguilizer Effects

It may appear surprising that some of the effects of 5-HT system drugs are analyzed
in an appendix to the above discussion on barbiturates and benzodiazepines, at the
expense of other more conventional topics such as the analogies and differences
between antianxiety agents and neuroleptics. The fact is that two types of effects of
benzodiazepines at the biochemical level have been emphasized in relation to their
antipunishment effects, namely, (a) the inhibition of cyclic adenosine monophos-
phate phosphodiesterase (cCAMPD) (178, 179), and (b) the interference with 5-HT

4Several provisional inferences with potential heuristic value might be drawn by reexamining
the interactions between treatment and stimulus factors as a joint function of drug type,
response type, and relations between stimuli, responses, and reinforcements (e.g. cues signaling
gratis food vs cues signaling the availability of response-produced food in an intermittently
reinforced schedule vs cues signaling nonreinforcement, etc; see, for example, 16-18, 27, 65,
67). No use has been made in psychopharmacology of some techniques and tentative models
in the literature on autoshaping, which emphasize the variable balance between consequences
of stimulus-reinforcement relations and consequences of response-reinforcement relations, as
a joint function of cue, reinforcement, and response categories.
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turnover (71). As concerns the former, the reader must be referred to a study of
correlations between antipunishment and anti-cAMPD effects of various agents
(178) and to the data showing an enhanced suppression and an antagonism of
chlordiazepoxide effects in a CER test by a cAMPD stimulator (imidazol-4-acetic
acid) (179). Regarding the latter, it has been reported that effects of benzodiazepines
on punished behavior and on 5-HT turnover are maintained with repeated treat-
ments, while tolerance develops to depressant effects and to drug-induced changes
of noradrenaline turnover (71). Furthermore, several experiments have shown an
attenuated suppression in conflict and in CER situations after treatment with a
5-HT-depleting agent (parachlorophenylalanine, PCPA) or with 5-HT antagonists
(cyproheptadine, cinanserin, methysergide, 2-bromlysergic acid diethylamide) (71,
180-189), while the administration of 5-hydroxytryptophan (5-HTP) counteracted
the antipunishment action of PCPA and of cinanserin (180, 181, 184, 189).°

Two types of arguments have been used against the hypothesis that central 5-HT
systems have a major role in punishment suppression, and more or less directly,
against the hypothesis that antianxiety agents act mainly by interfering with 5-HT
turnover. First, one study failed to show an antipunishment effect of cinanserin in
a situation in which chlordiazepoxide was quite active, while both agents antago-
nized the reduction of response rate caused by N,N-dimethyltryptamine (193). In
this regard, several effects of 5-HT system agents on operant and instrumental
responses maintained by positive reinforcement are far from being amenable to any
simple explanation. In fact, a response depression has been obtained with a variety
of drugs that cause different or even opposite biochemical effects, such as 5-HTP,
several substituted tryptamines, PCPA, and 5-HT antagonists (194-199), while
subthreshold doses of 5-HTP acquired depressant properties after pretreatment with
PCPA (200). The same group responsible for the latter study showed a similar
phenomenon with subthreshold doses of LSD-25 in animals with 5-HT depletion
induced either by PCPA or by midbrain raphe lesions (201, 202).

A second line of criticism has denied both (@) that the available data show a
parallelism between 5-HT depletion and alleviation of punishment suppression by
PCPA, and (b) that the measurements and statistical procedures used in previous
studies could demonstrate a reliable antipunishment action of the drug (203). Addi-
tional experiments with the same agent yielded apparently negative results (203).

While the above controversy cannot be solved in the present context, it can be
underlined that several effects of 5-HT--depleting drugs or lesions are quite different
from those observed after benzodiazepines. It is true that some of these changes,
such as the facilitation of avoidance response in several shuttle box and lever-press
studies (204-210), are amenable to an explanation based on a reduction of punish-

5In one of these studies (188) an attenuation of punishment suppression was also observed
with lysergic acid diethylamide (LSD-25), while other studies using either concurrent positive
reinforcement and punishment (190), or previous or concurrent punishment of an active
avoidance response (191, 192) seem to deny the generality of the antipunishment action of this
drug. In any event, most of the complex effects of LSD-25 must be left outside of the present
discussion.
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ment suppression (see the section on behavior maintained by negative reinforce-
ment.® However, several components of the 5-HT depletion syndrome (e.g.
hyperreactivity) (215-218) create a wide area of nonoverlap with the tranquilizer
syndrome. )

The above situation suggests that simpler models of drug action, which were
originally endowed with considerable heuristic value, should now be replaced by
multifactorial working hypotheses. These need not reject the provisional assumption
that some apparently similar effects of tranquilizers and of S-HT system agents can
be induced by similar mechanisms, while other explanations should be sought for
several effects taking place in different directions. Attention can be focused here on
some methodological problems, even though they belong to areas not included in
the present review. In the first place, there is an obvious disproportion between
studies of complex behaviors using intracerebral treatments or lesioned animals that
have been carried out respectively with noradrenergic, dopaminergic, and choliner-
gic stimulants and blockers and with tranquilizers and S-HT depletors and antago-
nists (219-223). In the case of the former agents, several qualitative and quantitative
differences in the behavioral effects, depending on treatment or lesion site, have
indicated that the complex syndromes obtained by systemic treatments can be
separated into increasingly well-defined components. Another methodological prob-
lem is pointed out by the considerable time lags that usually separate the obtention
of “expected” effects of one or the other drug and that of “paradoxical” effects of
the same agent. This situation applies to several data discussed in previous sections,
inasmuch as the enhancements of low rates of schedule-controlled behavior, of
punished behavior, and of avoidance behavior have generally been obtained at a later
time, and with lower doses, than depressant effects. As concerns other areas, the
joint study of floor and ceiling phenomena and of nonmonotonic dose-response
relationships has been recently extended to aggressive responses and to ‘“‘predatory”
behaviors such as mouse and frog killing by rats. Several important differences have
been pointed out between the enhanced intraspecies aggression obtained with rela-
tively low doses of tranquilizers, on the one side, and the indirect facilitation of
aggression (mainly via interactions with other agents) and the enhanced interspecific
killing obtained with 5-HT depletors, on the other side (224, 225). The fact remains
that the use of situations that eliminate floor and ceiling effects and of nonmonotonic
dose-response functions can still have a considerable potential in an analysis of the
mechanisms of action of agents with partially overlapping profiles.

6As with most avoidance-enhancing drugs, negative data (presumably due to ceiling effects),
or even opposite (depressant) effects were obtained when using pretrained animals with high
response base lines (211, 212). Furthermore, the fact that the enhancing effects of raphe lesions
on two-way avoidance are paralleled by a depression of one-way avoidance (205) is in line with
the above interpretation—at least according to much literature on CNS lesions such as that
reviewed by McCleary (213). On the other hand, the available evidence does not allow direct
comparisons between the effects of 5-HT system drugs (204, 214) and those of barbiturates
and benzodiazepines in passive-avoidance tests other than those that measure the suppression
of operant or consummatory behaviors.
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BEHAVIORAL TOXICOLOGY

Although behavioral toxicology has only recently gained status as a semiautono-
mous discipline (226-232), several lines of research in this area have been firmly
established for fairly long periods of time. In fact, with more space available one
could refer (@) to much work carried out in animal and human subjects in order
to assess the adverse behavioral effects of alcohol, tobacco smoke, and several drugs
of abuse; (b) to a great deal of data on behavioral effects of nutritional or hormonal
deficits and imbalances; (c) to several investigations attempting to establish animal
models of human diseases marked by disturbances of mental development (e.g.
phenylketonuria); and (d) to an increasing number of studies dealing with behav-
ioral changes induced by ionizing and nonionizing radiation, hypoxia, carbon mon-
oxide, several compounds used in the manufacturing industry, pesticides, air and
water pollutants, food additives, and so forth. The present section, however, must
leave out most of the studies using behavioral measurements largely as convenient
dependent variables, which can be easily located via computerized indexing and
abstracting services, and can be handled without trouble also by investigators who
do not specialize in behavioral research. Considered here are mainly those data that
have remarkable methodological interest, and at the same time require an under-
standing of behavior organization beyond the general information level of the
nonspecialist.

Some Consequences of Stimulus Functions of Drugs and Chemicals

In recent years an increasing number of behavioral investigations on stimulus func-
tions of various agents have been carried out by pharmacologists and psychologists,
sometimes without any direct reference to the toxicological implications of the
results obtained. Stimulus functions of physical and chemical agents are usually
subdivided into discriminative (CS), unconditioned (UCS), and reinforcing func-
tions (46). The term CS function implies that changes in the “internal state” caused
by a treatment can become a signal controlling one or the other behavioral output,
by taking up a role in response modulation similar to that of conventional stimuli
of one or the other modality. While the reader must be referred to the available
reviews for more systematic information (46, 47), a limited discussion is in order
here to show both the difficulties encountered when interpreting the results in this
area, and the relevance of state-dependence phenomena for drug abuse and for the
understanding of dissociative side effects of drugs.

The studies so far carried out have indicated that any agent can acquire CS
functions in experiments in which different response outputs must be emitted to
meet reinforcement requirements, if the only available cue is a treatment adminis-
tered before a particular session, for example, food obtained or shock avoided by
turning to the left, or by pressing the left lever, after the administration of a given
drug, and by going to the right, or by pressing the right lever, after administration
of saline. However, when turning to comparisons between different drugs, or be-
tween different doses of the same drug, considerable attention must be given to the
particular paradigm in which an apparent similarity, or an apparent difference, has
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been observed. For example, several experiments by the same group of investigators
showed that (a) rats trained in two-lever tasks with alcohol versus placebo gave the
“alcohol” response when tested with pentobarbital; (b) rats trained in similar tasks
to discriminate pentobarbital from placebo gave either the “placebo,” or the “pen-
tobarbital” response when tested with alcohol, depending on the reinforcer; and
(c) rats could be taught to use one of the levers when treated with pentobarbital,
and to use the other lever when treated with alcohol (233). The overall conclusion
is obviously that the stimulus properties of the two agents have some element in
common (the a and part of the b results). At the same time, however, one can be
confident that the two states are discriminable from each other (the ¢ result).
Finally, the presence or absence of generalization from one to the other set of
internal stimuli generated by the two agents must depend on which component of
a given set has gained control of behavior during the original discrimination training
—the a and the b results; for additional examples of these asymmetrical transfer
phenomena see also (234). It goes without saying that any attempt to draw a
conclusion from any one of the three types of data summarized above would have
led to a considerably distorted picture of the analogies and differences between the
pentobarbital and the alcohol states.

This and much other evidence shows that the results of experiments on state
dependence are best understood by making reference to the basic facts of conven-
tional experiments on discrimination and stimulus generalization, up to and includ-
ing those concerned with psychophysical measurements. In fact, the variable data
in @ and b are similar to those that can be obtained when subjects are taught to
discriminate between stimuli A and B (corresponding to different response-rein-
forcement contingencies), and then tested to see whether a third stimulus (X) will
elicit an A- or a B-type response, or a mixture of the two. Assume now that this
experiment has shown that X elicits an A-type response in one or more paradigms.
It cannot be concluded from this that A and X are not discriminable from each
other; such a conclusion can be had only by training with different response-
reinforcement contingencies in the presence of A and X. Furthermore, if a first
attempt fails, it cannot be inferred that A and X have a substantial identity (psycho-
physically speaking). In fact, the literature abounds with data showing that stimuli
known to be discriminable from each other cannot be used, or are used only with
considerable difficulty, as differential signals in particular discrimination tasks.
Therefore, only a gradual accumulation of negative findings in different tests in
which two states are pitched against each other can eventually demonstrate that the
states themselves are indistinguishable.

_ Other data on state dependence have been obtained by imposing shifts from a
treatment to a no-treatment state and vice versa (or from one treatment to another
and vice versa) in conventional tasks that can be learned without relying on drug-
induced stimuli. These data show that transfer, or no transfer (dissociation), of
behavior acquired in a given state to a different one depends on complex interactions
between treatment and test factors. For example, T-maze avoidance studies showed
several years ago that transitions from the phenobarbital to the no-drug state, or vice
versa, had an adverse effect on response initiation (start time), but not on response
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execution (running time), nor on response choice (proportion of correct turns) (235).
Other experiments with the same drug pointed out a successful transfer in either
direction of an immobility (freezing) response, but not of an active escape response
(236). Finally, it was shown that in particular conditions a state change can facilitate
discrimination reversal as discussed previously (evidence for state dependence), even
in the absence of a retention deficit with respect to the original discrimination
(evidence against state dependence) (48).

In theory, several types of phenomena could account for the contrasting conse-
quences of state changes as a function of test factors, but unfortunately, no single
set of interactions obtained with a particular agent has so far been fully explained.
Some possibilities have little to do with stimulus functions per se; that is, it is
conceivable that general behavioral changes due either to treatment initiation, or to
withdrawal of an agent to which the organism hasbeen accustomed, canhave widely
differing consequences on the transfer of various types of responses from one state
to another. On the other hand, by taking recourse to conventional discrimination
data one could show that response control can come more under one, or more under
the other type of stimulus, depending on the characteristics of the task. In other
words, when the experimenter provides a set of relevant (conventional) stimuli, and
also superimposes another set of stimuli (those derived from the drug-induced
changes of the milieu intérieur), he cannot foresee whether or not elements from
the two sets will be used as compound signals, and if they are, which particular
aspects of the behavior will show dissociative phenomena. Conversely, state depen-
dence in tasks learned on the basis of relevant treatment cues (chlordiazepoxide
versus placebo) has been shown to vary as a function of the exteroceptive stimuli
superimposed on the internal cues (237, 238).

No great efforts are required to explain the toxicological implications of the
various types of findings. The greater or lesser discriminability of a drug state, as
well as the greater or lesser analogies between two or more drug states (including
different doses of the same drug), have obvious relevance in the analysis of abuse
phenomena, and should be given increasing attention when assessing the effects and
side effects of psychotropic drug treatments (or treatment changes). Furthermore,
with some remarkable exceptions (concerning, e.g. alcohol), little is known about
the factors that determine whether or not behaviors acquired in particular states are
transferred to other states in human subjects. Finally, no attention has been so far
given to possible dissociative effects of a variety of chemicals to which individuals
can be exposed for variable periods of time, for example at work, but not elsewhere;
or at home, but not elsewhere.

UCS and reinforcing functions of various agents have no smaller interest than CS
functions, although some of them are so well known (and well reviewed) that they
need not be discussed in detail. This applies to positively reinforcing properties of
various agents, which have been extensively investigated by preference and self-
administration tests in several species, in the framework of research on abuse
phenomena (239-244). Furthermore, several studies on conditioning of drug treat-
ment and of drug withdrawal effects have been carried out in an attempt to separate
“physical” and “psychic” aspects of drug dependence (46, 241, 243, 244a). While
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a few of these experiments, not pertaining directly to the abuse problem, will have
to be mentioned later, some attention must be given here to several recent results
concerning either behavior suppression by treatments with aversive properties, or
escape-avoidance behaviors established and maintained with treatments used as the
UCS.

In addition to conventional tests carried out with preference-rejection paradigms,
recent research has increasingly exploited the so-called Garcia paradigm, which
allows the study of conditioned aversion phenomena (“bait shyness™) (245, 246). In
fact, when particular cues (mainly gustatory ones in nonvisual animals, such as
rodents, and visual ones in species that select food mainly on the basis of visual cues,
such as diurnal birds) are associated with an experience of “malaise” or “illness”
caused by a physical or chemical agent, they can acquire suppressant properties
similar to those of a conventional CS in a classical (CER) paradigm. Furthermore,
conditioned suppression can develop in spite of CS-UCS delays much longer than
those that allow classical fear conditioning with conventional exteroceptive signals
(e.g. tones or lights) and conventional UCS (e.g. painful shock). Few problems arise
with the fact that conditioned aversions are easily established (a) with ionizing
radiations, and with substances such as cyclophosphamide and lithium, at doses
sufficient to cause overt signs of physical illness (245), and (b) with subtoxic doses
of agents that are well known for the “unpleasant” quality of the experience they
produce, such as apomorphine (245) and antimuscarinics (247, 247a). Equally, one
can easily understand why positively reinforcing and punishing properties of the
alcohol (247a, 248-250) and of the morphine (247a, 248, 251) experiences should
be related to each other in a complex fashion. Other recent results however, were
quite unexpected. This applies, to conditioned aversions obtained with doses of
lithium (252), chlorpromazine (247), and benzodiazepine derivatives (247, 247a,
248) either within or not much above the therapeutic range, and with doses of
amphetamine within the self-administration range (247a, 253-258). On the other
hand, the conditioned aversions recently obtained with several barbiturates and with
the nonbarbiturate hypnotic methaqualone (247a, 258a) are in contrast with previ-
ous negative results concerning one of the compounds [phenobarbital (247)). Fur-
thermore, negative results have been obtained with the tricyclic antidepressant
imipramine (247), while the data so far available on cannabis derivatives (247a,
259-262) appear to be insufficient to conclude for a specificity, or a nonspecificity
—with respect to doses endowed with conventional psychotropic effects (263, 264)
—of the aversions obtained.

Although with the present state of knowledge any classification must be provi-
sional, and perhaps arbitrary, it can have at least heuristic value to separate aversive
properties of therapeutic agents that are seldom, if ever, self-administered (such as
chlorpromazine and lithium) from those of agents that are often self-administered
and lead to abuse phenomena (ethanol, morphine, amphetamines, hypnotic-seda-
tives, and tranquilizers). The former appear to have considerable relevance in a
rational risk-benefit analysis, if the goal of a therapy must be that of maximizing

. returns, while minimizing both conventional side effects and subjective disturbances.

The latter have relevance both from the above viewpoint, for example, when consid-
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ering the extensive therapeutical applications of tranquilizers, and from the view-
point of abuse phenomena. Within this category are most of the results that are hotly
debated, since similar phenomena are ascribed to widely differing mechanisms by
various authorities. For example, a more detailed analysis of the literature on
behavior suppression by amphetamine (253-258) could show that these phenomena
are ascribed to the development of genuine conditioned aversions by some experi-
menters, and to a conditioning of the anorexigenic effects of the drug by others.
Furthermore, the data showing a suppressant action on ongoing operant behavior
of stimuli previously associated with chlorpromazine or LSD-25 have also been
interpreted as the consequence of a conditioning of drug-induced changes, rather
than of punishment suppression (265, 266). Finally, some drug profiles can be quite
complex with respect not only to induction of both self-administration and condi-
tioned aversions at similar doses, but also to their influences on negatively reinforc-
ing properties of other agents. For example, chlordiazepoxide was found to
attenuate conditioned aversions induced either by amphetamine or by lithium (254,
267), which is obviously in agreement with the antipunishment properties measured
in conventional tests.

The provisional conclusion must be that the relations between positively reinforc-
ing, punishing, and other properties of any given agent can be clarified only by a
further extension of the available tests. Traditional preference-rejection tests, self-
administration tests, and conditioned aversion (Garcia-type) tests have recently
been joined by choice procedures using conditioned reinforcers, that is, exterocep-
tive stimuli previously paired to different drugs, or to different doses of the same
drug (267a), and by escape-avoidance techniques allowing one to assess whether an
animal tolerates, or escapes and avoids, scheduled infusions. The combined use of
these and of self-administration techniques has already yielded a series of interesting
results. For example, monkeys made dependent on morphine by treatments imposed
by the experimenters escaped and avoided nalorphine and naloxone infusions, while
monkeys made dependent in a self-administration paradigm went on self-adminis-
tering nalorphine in substitution tests, even though this precipitated a severe absti-
nence syndrome (268). When the studies were extended to animals without prior
addiction, the results clearly separated several treatments that were accepted (nalox-
one, cocaine, codeine, pentazocine, and propiramfumarate infusions) from others
that were escaped and avoided (nalorphine and cyclazocine infusions) (269); for
additional evidence on the mixed positively reinforcing and punishing properties of
narcotic antagonists see (270, 271). Furthermore, a recent study showed a contrast
between the acceptance of pentobarbital up to a fairly high dosage level (0.1 mg/kg
per infusion) and escape-avoidance of both chlorpromazine (down to 0.005 mg/kg
per infusion) and LSD-25 (down to 0.001 mg/kg per infusion) (272). Finally, an
indirect confirmation of the results on chlorpromazine aversiveness obtained in
Garcia-type and escape-avoidance tests was provided by self-administration studies,
using monkeys that performed in an operant (FR) schedule with cocaine as the
reinforcer. In fact, substitution tests yielded amphetamine and morphine rates
higher than saline rates, imipramine rates comparable to saline rates, and chlor-
promazine rates significantly lower than saline rates (273).
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Selected (Mainly Developmental) Data on Psychotropic Drugs, Pesticides,
Food Additives, Mercury, and Lead

This section deals with some of the effects of prenatal or early postnatal treatments
with psychotropic drugs, and comments upon some results showing that exposure
of immature organisms to various chemicals can lead to behavioral changes that are
not usually obtained by treating adult animals. Several studies conducted in the
sixties, which have been reviewed in (274-278), showed various types of deviations
from normal behavior development after pre- or postnatal administration of psycho-
tropic agents. More recently, several suggestions have been made concerning bio-
chemical changes underlying altered behavior maturation, especially regarding the
effects on catecholamine and indole amine metabolism of early exposure to ampheta-
mines (279-281), chlorpromazine (280, 281), haloperidol (282, 283), LSD-25 (284),
ethanol (285), and PCPA (286). Other studies have either attempted a better defini-
tion of treatment variables or investigated interactions of considerable interest be-
tween treatment and other factors. For example, the data on the effects of pre- and
postnatal morphine in the rat were extended by results showing opposite effects of
different dosage levels on avoidance acquisition at a later time—facilitation after
smaller doses, and depression after higher doses (287). Several experiments using
prenatal amphetamine treatments showed correlations between enhanced activity,
enhanced active avoidance, and impaired passive avoidance (279, 288, 289), while
postnatal treatments with an enhancing effect on neonatal locomotor activity did not
modify adult two-way avoidance learning (289a). Previous work on adverse effects
of prolonged postnatal treatments with phenothiazines on later avoidance in the rat
were also extended in several directions. First, the use of shorter (6-day) trifluopera-
zine treatments showed that the avoidance deficits were the consequence of cumula-
tive damage, rather than of a selective effect during particular critical periods (290).
Second, depressed avoidance was observed in the first and second generation ob-
tained from females that had received phenothiazines postnatally (291-294). One
of these studies using a cross-fostering control showed that nursing of the young by
dams that had previously received postnatal phenothiazine treatments was not
necessary to obtain depression of avoidance (294). Finally, one experiment with
0.16-0.33 mg/kg of trifluoperazine administered daily for 25 days yielded nonmono-
tonic dose-response relationships with respect to avoidance performance of the
offspring of females that had received postnatal treatment (293). These data are
highly suggestive of multiple mechanisms of action at least in part in opposition to
each other, because cross-generational effects on avoidance were larger after lower
doses, than after higher doses. On the other hand, impairments of behavioral devel-
opment including avoidance deficits have also been obtained in recent years by
treating neonate rabbits with other types of neuroleptics [butyrophenones, pimozide;
see (294a) and other papers by the same group quoted therein].

Another group of investigators used prenatal chlorpromazine treatments induc-
ing a greater susceptibility to seizures at 30 days of age, and higher avoidance
abilities at 90 days. In this instance the cross-fostering procedure showed that at
least part of the changes occurred in animals not exposed in utero, but nursed by
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previously treated mothers (295). On the other hand, cross-fostering controls in-
dicated that the effects on the offspring of A%tetrahydrocannabinol administered at
a fairly high dose to pregnant rats (10 mg/kg daily for three days) (retarded growth,
reduced rearing and grooming, retarded development of cliff avoidance and of visual
placing reflexes) were due entirely to prenatally suffered damage (296). Similar
procedures, however, do not seem to have been employed when dealing with more
subtle changes induced by prenatal cannabis exposure, for example, the retardation
of learning in a Lashley III maze (297). Finally, several studies using postnatal
strychnine (298-301), methamphetamine (302) and PCPA (286), and prenatal imi-
pramine (303) indicated that the effects of drugs on behavior development can
depend on the characteristics of the environment in which the animals are raised.

In summary, the results so far obtained suggest that pre- or early postnatal
treatments by psychotropic agents can influence behavior development in widely
differing ways, ranging from direct effects on brain mechanisms at the time of
exposure to altered mother-offspring interactions at a time when the drug is no
longer present. This evidence places a considerable burden on future experimenta-
tion, because it shows that it is not enough to consider the interactions between the
most obvious factors such as species, type of drug, doses, time and duration of
exposure, behavioral tests, and so forth. As a consequence, there arises the need for
a standardization of procedures allowing the assessment of indirect mechanisms of
action (e.g. prenatal and postnatal maternal effects) in order to ensure that the data
obtained in different laboratories are amenable to direct comparisons.

The literature on the behavioral effects of pesticides shows that organophosphate
and carbamate compounds have been used very extensively both in toxicological
investigations, and in studies of biochemistry-behavior correlations exploiting the
well-known effects of the compounds on central cholinergic systems. For an over-
view of this subject see (304), and for more recent data and references on tolerance
mechanisms see one of the latest papers by the most active group in this area (305).
Comparatively speaking, behavioral data on organochlorine compounds are much
less extensive than those on anticholinesterase agents. However, the concern created
by the persistence in the environment of agents such as DDT has led to a number
of studies of the behavioral effects of organochlorine insecticides in fish [see recent
data and references in (306)] and to a multi-year research project using behavioral
(mainly discrimination) and electrophysiological measurements in sheep (307). Fur-
thermore, ready access to the literature on behavioral and electrophysiological
changes induced by organochlorine compounds in several laboratory species is
provided by a recent review (307a) and by several recent papers reporting changes
in activity, avoidance, discrimination, operant and maze behavior, maternal and
aggressive behavior, and electrical activity (308-315).

A survey of the studies concerned with early treatments by pesticides shows that
few cues are presently available to understand the mechanisms by which these -
compounds affect behavioral development. In fact, a series of experiments carried
out in mice by one investigator (although with different co-workers and in different
laboratories) showed changes in maturation of seizure sensitivity after prenatal
DDT, aldrin, chlordane, and parathion, while prenatal chlordane, but not DDT or
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parathion, led to later enhancements of open-field activity, and prenatal chlordane
or DDT, but not parathion nor aldrin, retarded avoidance behavior (316-321).
T-maze performance of mice has also been found to be altered by pre- and neonatal
exposure to DDT (322). On the other hand, postnatal exposure to an anticholineste-
rase fungicide (maneb) had correlated effects on activity (depressed) and passive
avoidance (facilitated). Response changes per se, however, were not sufficient to
account for all the effects observed, since active avoidance was also facilitated (323).

Some recent findings—including alteration of reproductive functions in rats and
mice after prenatal or neonatal exposure to DDT, or to some of its analogs, or to
polychlorinated biphenyls (PCBs) (324, 324a); the altered development of ambula-
tion and rearing in rats after prenatal administration of the herbicide 2,4,5-trichloro-
phenoxyacetic acid (2,4,5-T, with less than 1.ppm of 2,3,7,8-tetrachlorodibenzo- p-
dioxin) (325, 325a)—confirm the suspicion that the weak estrogenic action of several
organochlorine compounds might have a role in behavior modification by early
treatments. In fact, all reproductive and nonreproductive behaviors so far men-
tioned are known to be influenced by hormonal treatments during critical periods.”
On the other hand, biochemical studies on DDT and chlordane have shown complex
changes in the metabolism of acetylcholine, noradrenaline, 5-HT, and amino acids
in the brain (307a, 326--330), which provides a basis for a more thorough compari-
son of the mechanisms of action of organochlorine compounds with those of better-
known agents.

Although this discussion cannot be extended to a wide range of substances that
can enter the organism via foods and beverages, recent studies using nitrites (331),
butylated hydroxyanisole and butylated hydroxytoluene (332), cyclamates (333,
334), and monosodium glutamate (MSG) (335-337) can be mentioned to point out
the growing concern for developmental changes induced by various types of agents.
These studies have sometimes provided interesting cues concerning possible mecha-
nisms of action, as shown by some of the data on MSG. For example, the obesity-
hyperactivity syndrome observed after neonatal exposure of mice (335) should be
confronted with the irreversible inhibition of pituitary prolactin and growth hor-
mone secretion induced by similar treatments in the same species (338), again
leading to speculations about possible interferences with “organization” of CNS
systems by hormonal influences during critical periods of development. Also in this
instance the available data suggest a large difference in sensitivity between develop-
ing and mature organisms, as exemplified by the transient and apparently non-
specific depression by large doses of MSG of fixed ratio and of avoidance response
in adult rats (339, 340).

In a discussion of mercury compounds, the behavioral and electrophysiological
studies dealing with exposure in adulthood, or during relatively late postnatal
periods, for example, those reported or discussed in (341-356) should again be

"Note, however, that the results have been often contradictory ones, even in the hands of the
same investigators (325, 325a), and also that 2,4,5-T treatments were given during the first half
of pregnancy (325, 325a), that is, too early for those *“‘organizational” effects on reproductive
functions and behavior that are usually described in the literature on hormones.
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contrasted with those using pre- and early postnatal treatments (231, 357-362). The
results obtained by the former approach have shown a variable sensitivity to mer-
cury treatments of the tests used, as indicated by the comparisons carried out in the
Rochester research project (354—356). Furthermore, some experiments have pointed
out that the intake of diets contaminated by mercury can be reduced by aversion
phenomena (342, 344). These, however, do not seem to afford an efficient protection,
as indicated by the well-known data on humans and animals that pertain to the
Minamata, to the Iraq, and to other accidents. On the other hand, the developmental
studies mentioned above, which used both rodents and birds, revealed a uniformly
high sensitivity of immature organisms. Furthermore, these results include an im-
pressive series of different phenomena, ranging from deficits observed relatively
early in life [e.g. the changes in the neonatal sequence of development in rats,
involving eye opening and neuromotor coordination (360)] to the effects appearing
only at a much later time, such as the general debilitation and the gross neurological
changes observed in mice about the end of the first year of life (361, 361a).

Finally, similar research trends have made their appearance in the analysis of
behavioral effects of lead. Most of these studies have used postnatal exposure of rat
and mouse offspring via the milk of treated dams, sometimes combined with later
treatment of weanlings by different dietary levels of lead compounds (363-369).
Although no in-depth discussion of the results is possible here, several points deserve
to be emphasized. First, the available data have convincingly shown a much higher
sensitivity of immature, than of adult animals; for consequences of treatments given
later in life see (368, 370-372). Second, a recent dose-response study has revealed
a separation of gross neurological disorders caused by higher doses from more subtle
behavioral changes following exposure to lower doses (mainly hyperactivity) (364).
Third, the lead intake via contaminated food, which normally leads to aversion
phenomena, was found to be increased by the reduction of dietary calcium (373),
a finding with obvious implications with respect to lead pica in humans. Fourth, the
offspring from female rats receiving lead acetate during lactation showed both an
enhanced fluid consumption and a greater aversion for lead acetate solutions than
did the control offspring (364a). Fifth, rats made hyperactive by early exposure to
lead showed paradoxical changes after drug treatments, namely, a further enhance-
ment of activity levels after phenobarbital, and a reduction of activity after d- or
l-amphetamine and other stimulants (367, 367a, 369). Amphetamine, however,
maintained its well-known ability to enhance low rates of avoidance responses (369).
Finally, a series of studies was carried out in sheep by the Iowa behavioral toxicology
program (374-377). Not only did these experiments confirm the greater liability to
damage in the pre- and early postnatal stages, than in adulthood; but also, they
pointed out that impairments of behavioral development can take place with lead
blood levels below those considered acceptable by EPA for pregnant women (up to
30 pg/100 ml) and for children (up to 40 png/100 ml).

Since a fairly optimistic attitude has been maintained throughout the present
discussion, concerning the progress made by behavioral toxicology in recent years,
a final caveat is in order here. In fact, most of the studies mentioned above have
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followed, rather than preceded, the demonstration of adverse effects in humans,
while satisfactory criteria for extrapolation from animals to man in previsional
experiments have not been established. Given the complexity of developmental
studies, it is understandable that dose-response experiments should have been the
exception, rather than the rule. Furthermore, if one considers the thresholds that
have been measured (or if one even optimistically assumes that thresholds will be
found to be immediately below the effective dosage levels in experiments with a
single treatment schedule), one can expect considerable trouble at the moment of
deciding on safety factors. In fact, nonbehavioral previsional toxicology uses safety
factors for the extrapolation from animals to man that are generally about one
hundred. One could easily show at this point that maximum allowable levels of
exposure for most agents mentioned here would have to be brought down to a near
zero level in the case of expectant or nursing mothers and of young children, if the
conventional procedure were extended to the results of studies of behavioral devel-
opment.

GENERAL DISCUSSION AND CONCLUSIONS

A more general evaluation of the state of the art of behavioral pharmacology in the
midseventies can emphasize both the risks and the benefits of an increasing com-
plexity of working hypotheses that are used when dealing with drug-behavior in-
teractions, with both explanatory and heuristic purposes. In fact, the diminishing
returns obtained by the use of simpler models inevitably leads to serious problems
of communication not only among behavior specialists and neurophysiologists,
biochemists and clinicians, but also among behavioral pharmacologists with differ-
ent orientations. This review tries to compensate at least in part for the minimal
cross-referencing between studies using a functional approach and studies centered
on assumed processes and mechanisms. At the opposite end, several developments
deserve to be classified as potential, if not yet actual, benefits. In fact, it is increas-
ingly realized that in this, as in other areas of the biological sciences (378), reduc-
tionist (*“‘molecular”) and nonreductionist (“molar’) approaches need not to be
pitched against each other, since they can be shown to be complementary (see the
section on the nature of drug-behavior interactions).

Thus the philosophies underlying the extrapolations from the animal laboratory
to the clinic are being gradually revised, and the relative roles of the two types of
research are defined more clearly.

Animal psychopharmacology and behavioral toxicology, although necessarily
subdivided into several specialized areas, appear to be at their best when not ham-
pered by arbitrary distinctions between effects and side effects of the agents studied,
nor by chicken-and-egg questions about which level of explanation is most appropri-
ate. In recent years they have attempted to provide sophisticated interaction models
that take into account several phenomena of increasing complexity, including differ-
ential changes in various portions of species-specific repertoires, changes in stimulus
reactivity, changes depending on various response-reinforcement relationships, rate-
dependence phenomena, and stimulus functions of drugs. Even though the latter
have been given only a minimum of attention in the section on behavioral tox-
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icology, they can be used to show how the extremes of a continuum are, in reality,
quite close to each other. In fact, the study of discriminative functions of drugs
fulfills both the need to know more about critical stimulus factors in conditioning
and learning (or, if preferred, in behavior control), and the need to understand
dissociative side effects of psychotropic agents as well as the “substitution poten-
tials” of various drugs of abuse. Correspondingly, the study of positively and nega-
tively reinforcing functions fulfills both the need to clarify the physiological-
biochemical substrates of reinforcement processes (or, in a functional analysis,
equivalence and nonequivalence phenomena with different reinforcers), and that of
understanding abuse phenomena as well as aversive side effects of therapeutic
agents. As pointed out in the behavioral toxicology section, positively reinforcing
and aversive properties are often found to coexist in animal experiments; there-
fore, one cannot expect to obtain simple answers when complex biological fac-
tors and even more complex social-cultural factors interact with each other in
humans. :

Several other examples could be drawn from the literature of behavioral phar-
macology and toxicology to show the increasing need for strict relations between
the basic and the mission-oriented aspects of any given problem. In the fifties the
uneven development of appropriate interactions and feedbacks between research in
reproductive and developmental biology and research on desired and undesired
effects of drugs and chemicals led both to remarkable successes (e.g. the develop-
ment of oral contraceptives) and to dramatic failures (e.g. thalidomide). In the
seventies, it appears that the effort to understand the basic facts of behavioral
development, as well as their physiological and biochemical substrates, goes in hand
with remarkable efforts to assess the risks of the exposure to potentially noxious
drugs and chemicals during critical maturation periods. The coming years will
undoubtedly be marked by much uneasiness. In fact, the right questions have come
to the surface, while appropriate answers to these questions are far from available.
This is tantamount to affirming that both type I and type II errors can be made in
large numbers at the operational level.

In any event, a few examples and general comments cannot suffice to clarify the
complex relations between animal research and human applications in the realm of
psychotropic drugs and other chemicals that affect behavior. Some may regret the
pioneer age when terms such as antiavoidance and antipsychotic, or anticonflict and
antianxiety, were almost synonyms; or when limited data on the general toxicity of
a new agent were deemed to suffice for the completion of a risk-benefit analysis. A
more realistic and responsible approach cannot be based solely on an increasingly
broad range of previsional studies in animals. In fact, the value and the limits of
extrapolations from animals to man can be thoroughly assessed only with the help
of a much more extensive knowledge of basic analogies and differences between
mechanisms than what is presently available. Animal psychopharmacologists and
behavioral toxicologists have shown that, on the average, different species can vary
with respect to behavioral changes induced by various agents more than they vary
with respect to other types of changes—a logical consequence of the fact that
behavioral specialization is both a “final common path” in adaptation to different
environments, and an essential mechanism in the evolution and isolation of species.
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However, the problems encountered when drawing comparisons between animal
species are dwarfed by the inordinate proliferation of interacting factors in the
human species, as shown by the apparently irreconcilable opinions on the reliability
and meaning of one or the other type of data (379), and even more by the conflicts

between judgments of value (380-383).

ACKNOWLEDGMENTS

This review is part of a program in experimental psychology and behavioral phar-
macology sponsored jointly by Istituto Superiore di Sanita (ISS) and by Istituto di
Psicologia, Consiglio Nazionale delle Ricerche (IP-CNR), Roma, Italy (1969 to
date). The author wishes to acknowledge the help and advice received from Dr. G.
L. Gatti (ISS) and from Dr. Marina Frontali (IP-CNR).

Literature Cited

1. Iversen, L. L., Iversen, S. D., Snyder,
S. H., eds. 1975. Handbook of Psycho-
pharmacology. Sect. 1. Basic Neurophar-
macology. New York: Plenum. 6 vols.
2155 pp.
. Weiss, B., Laties, V. G. 1969. Ann. Rev.
Pharmacol. 9:297-326
. Himwich, H. E., Alpers, H. S. 1970.
Ann. Rev. Pharmacol. 10:313-34
. Kumar, R, Stolerman, I. P., Steinberg,
H. 1970. Ann. Rev. Psychol. 21:595-628
. Kelleher, R. T., Morse, W. H. 1968.
Ergeb. Physiol. Biol. Chem. Exp. Phar-
makol. 60:1-56
6. Ferster, C. B., Skinner, B. F. 1957.
Schedules of Reinforcement. New
York: Appleton. 741 pp.

7. Weiss, B, Gott, C. T. 1972. J. Phar-
macol. Exp. Ther. 180:189-202

8. Thompson, D. M. 1972. J. Exp. Anal.
Behav. 17:287-92

9. Wedeking, P. W. 1973. Physiol. Behav.
10:707-10

10. Wedeking, P. W. 1974. Pharmacol. Bio-
chem. Behav. 2:465-72

11. Longoni, A.,, Mandelli, V., Pessotti, I.
1971. Pharmacol. Res. Commun.
3:165-73

12. Bignami, G., Gatti, G. L. 1969. Psycho-
pharmacologia 15:310-32

13. Wuttke, W., Kelleher, R. T. 1970. J.
Pharmacol. Exp. Ther. 172:397-405

14. Barrett, J. E. 1974. J. Exp. Anal. Behav.
22:561-73

15. Leander, J. D., McMillan, D. E. 1974.
J. Pharmacol. Exp. Ther. 188:726-39

16. Laties, V. G, Weiss, B. 1966. J. Phar-
macol. Exp. Ther. 152:388-96

16a. Sahgal, A., Iversen, S. D. 1975. Psy-
chopharmacologia 43:175-19

wm s W N

17. McKearney, J. W. 1970. J. Exp. Anal.
Behav. 14:167-175

18. Thompson, D. M., Corr, P. B. 1974. J.
Exp. Anal. Behav. 21:151-58

19. Wuttke, W, Innis, N. K. 1972. Sched-
ule Effects: Drugs, Drinking, and Ag-
gression, ed. R. M. Gilbert, J. D.
Keehn, 129-47. Toronto: Univ.
Toronto Press. 261 pp.

19a. Sanger, D. J., Blackman, D. E. 1975.
Q. J. Exp. Psychol. 27:499-505

20. McKearney, J. W. 1973. Psychophar-
macologia 30:375-84

21. Barrett, J. E., Weinberg, E. S. 1975.
Psychopharmacologia 40:319-28

22. Wenger, G. R, Dews, P. B. 1975. Fed.
Proc. 34:766 (Abstr.)

23. Sanger, D.J., Key, M,, Blackman, D. E.
1974. Psychopharmacologia 38:159-71

23a. Sanger, D. J.,, Blackman, D. E. 1975.
J. Pharmacol. Exp. Ther. 194:343-50

24. Stretch, R., Dalrymple, D. 1968. Psy-
chopharmacologia 13:49-64

24a. Smith, J. B, Clark, F. C. 1975. J. Exp.
Anal. Behav. 24:241-48

25. Thomas, J. R. 1973. Pharmacol. Bio-
chem. Behav. 1:421-26

26. McMillan, D. E., Campbell, R. J. 1970.
J. Exp. Anal. Behav. 14:177-84

27. Miczek, K. A. 1973. Pharmacol. Bio-
chem. Behav. 1:401-11

28. Hasegawa, Y., Ibuka, N., Iwahara, S.
1973. Psychopharmacologia 30:89-94

28a. Frontali, M., Amorico, L., De Acetis,
L., Bignami, G. 1976. Behav. Biol. In
press

29. Ison, J. R., Rosen, A. J. 1967. Psycho-
pharmacologia 10:417-25

30. Iwahara, S., Matsushita, K. 1971. Psy-
chopharmacologia 19:347-58



Annu. Rev. Pharmacol. Toxicol. 1976.16:329-366. Downloaded from www.annual reviews.org
by Central College on 12/14/11. For personal use only.

BEHAVIORAL PHARMACOLOGY AND TOXICOLOGY 359

31. Schallek, W., Kuehn, A., Kovacs, J.
1972. Neuropharmacology 11:69-79

32. Wedeking, P. W. 1969. Psychon. Sci.
15:232-33

33. Yamaguchi, K., Iwahara, S. 1974. Psy-
chopharmacologia 39:71-79

34. Nicholson, A. N, Wright, C. M,
Ferres, H. M. 1973. Neurophar-
macology 12:311-17

35. Nicholson, A. N., Wright, C. M. 1974,
Neuropharmacology 13:919-26

36. Pragay, E. B, Mirsky, A. F. 1973. Psy-
chopharmacologia 28:73-85

37. Mirsky, A.F., Tecce, J.J., Harman, N,
Oshima, H. 1975. Psychopharmacologia
41:35-41

38. Thompson, D. M. 1973. J. Pharmacol.
Exp. Ther. 184:506-14

39. Thompson, D. M. 1974. J. Pharmacol.
Exp. Ther. 188:701-13

39a. Thompson, D. M. 1975. J. Exp. Anal.
Behav. 23:429-36

40. Branch, M. N. 1974. J. Pharmacol. Exp.
Ther. 189:33—41

40a. Rosenberg, J., Woods, J. H. 1975.
Bull. Psychon. Soc. 5:33-35

41. Falk, J. L. 1969. Physiol. Behav.
4:421-27

42. Douilas, R. J, Scott, D. W. 1972,
Psychon. Sci. 26:164—65

43. Iwahara, S, Oishi, H., Yamazaki, S.,
Sakai, K. 1972. Psychopharmacologia
24;496-507

43a. Hughes, R. N, Greig, A. M. 1975.
Physiol. Psychol. 3:155-56

44, Rosen, A. J. 1970. Arch. Int. Phar-
macodyn. Ther. 188:112-18

45. Geller, 1., Hartmann, R., Blum, K.
1971. Psychopharmacologia 20:355-65

46. Thompson, T, Pickens, R, eds. 1971.
Stimulus Properties of Drugs. New
York: Appleton. 221 pp.

47. Overton, D. A, Winter, J. C., eds. 1974,
Fed. Proc. 33:1785-1835

48. Bindra, D., Reichert, H. 1967. Psycho-
pharmacologia 10:330-44

49. Bliss, D. K. 1973. J. Comp. Physiol. Psy-
chol. 84:149-61

50. Bliss, D. K. Sledjeski, M, Leiman,
A. L. 1971. Neuropsychologia 9:51-59

51. Caul, W. F. 1967. Psychopharmacologia
11:414-21

52. Iwahara, S., Sugimura, T. 1970. Jpn. J.
Psychol. 41:142-50

53. Meltzer, D., Merkler, N. L, Maxey,
G. C. 1966. Psychon. Sci. 5:413-14

54. Porsolt, R. D, Joyce, D., Summerfield,
A. 1971. Act. Nerv. Super. 13:75-77

55. Wright, D. C,, Chute, D. L., McCol-
lum, G. C. 1974. Pharmacol. Biochem.
Behav. 2:603-6

56. Feldman, R. S. 1968. Psychophar-
macologia 12:384-99

57. Feldman, R. S, Kaada, B. R., Lang-
feldt, T. 1973. Pharmacol. Biochem.
Behav. 1:379-87

58. Jarosch, E., Nitsch, F. M. 1968. In.
Pharmacopsychiatry 1:168-83

59. Bremner, F. J, Cobb, H. W, Hahn,
W. C. 1970. Psychopharmacologia 17:
275-82

60. Angel, C, Murphree, O. D., DeLuca,
D. C. 1974. Dis. Nerv. Spst. 35:220-23

60a. Murphree, O. D., Angel, C., DeLuca,
D. C. 1974. Biol. Psychiatry 9:99-101

61. Garattini, S., Mussini, E., Randall,
L. O., eds. 1973. The Benzodiazepines.
New York: Raven. 685 pp.

62. Randall, L. O., Schallek, W., Stern-
bach, L. H, Ning, R. Y. 1974. Psycho-
pharmacological Agents, ed. M. Gor-
don, 3:175-281. New York: Academic.

403 pp.

63. Houser, V. P., Paré, W. P. 1973, Psy-
chopharmacologia 32:121-31

64. Houser, V. P. 1975. Behav. Biol.
12:383-92

65. Hanson, H. M., Witoslawski, J. J.,
Campbell, E. A. 1967. J. Exp. Anal.
Behav. 10:565-69

66. McMillan, D. E. 1973. J. Exp. Anal.
Behav. 19:133-45

66a. Miczek, K. A., Lau, P. 1975. Psycho-
pharmacologia 42:263-69

67. Miczek, K. A. 1973. Psychophar-
macologia 28:373-89

68. McMillan D. E. 1973. Psychophar-
macologia 30:61-74

69. Hablitz, J. J., Braud, W. G. 1972.
Learn. Motiv. 3:51-58

70. Margules, D. L., Stein, L. 1967. Neuro-
Psycho-Pharmacol. Proc. Int. Congr.
Coll. Int. Neuro-Psycho-Pharmacol.,
Sth, 108-120

71. Stein, L., Wise, C. D., Berger, B. D.
1973. See Ref. 61, 299-326

72. Vogel, J. R, Beer, B, Clody, D. E.
1971. Psychopharmacologia 21:1-7

73. Sepinwall, J., Grodsky, F. S., Sullivan,
J. W, Cook, L. 1973. Psychophar-
macologia 31:375-82

74. Yen, H.C. Y, Krop, S.,Mendez, H. C.,
Katz, M. H. 1970. Pharmacology
3:32-40

75. Soubrié, P., Schoonhoed, L., Simon, P.,
Boissier, J. R. 1972. Psychophar-
macologia 26:317-20

76. Geller, 1., Croy, D. J., Ryback, R. S.
1974. Pharmacol. Biochem. Behav.
2:545-48

77. Dantzer, R., Roca, M. 1974. Psycho-
pharmacologia 40:235-40



Annu. Rev. Pharmacol. Toxicol. 1976.16:329-366. Downloaded from www.annual reviews.org
by Central College on 12/14/11. For personal use only.

360

77a. Dantzer, R.

78.
79.
80.
81.

82.
83.
84.
8s.
86.
87.
88.

BIGNAMI

1975. J. Pharmacol.
6:323-40

Dantzer, R, Baldwin, B. A. 1974. Psy-
chopharmacologia 37:169-77

Sherman, A. R. 1967. Behav. Res. Ther.
5:121-29

Margules, D. L., Stein, L. 1968. Psycho-
pharmacologia 13:74-80

Cannizzaro, G., Nigito, S., Provenzano,
P. M,, Vitikova, T. 1972. Psychophar-
macologia 26:173-84

Blum, K. 1970. Psychopharmacologia
17:391-98

Millenson, J. R., Leslie, J. 1974. Neuro-
pharmacology 13:1-9

Stein, L., Berger, B. D. 1969. Science
166:253-56

Cicala, G. A, Hartley, D. L. 1967. J.
Comp. Phpsiol. Psychol. 64:175-78
Scobie, S. R, Garske, G. 1970. Psycho-
pharmacologia 16:272-80

Maser, J. D., Hammond, L. J. 1972.
Psychopharmacologia 25:69-76
McMillan, D. E,, Leander, J. D. 1975.
5150517 Int. Pharmacodyn. Ther. 213:

88a. Huppert, F. A, Iversen, S. D. 1975.

89.

90.

91.
92.

93.
94.
95.
96.
97.
98.
99.

100.
101.
102.

Psychopharmacologia 44:67-175

Wiley, R. G, Dilts, S. L., Berry, C. A.
Arch. Inmt. Pharmacodyn. Ther. 192:
231-37

Aron, C., Simon, P., Larousse, C., Bois-
sier, J. R. 1971. Neuropharmacology
10:459-69

Fuller, J. L. 1970. Psychopharmacologia
16:261-71

Oishi, H., Iwahara, S., Yang, K.-M,,
Yogi, A. 1972. Psychopharmacologia
23:373-85

Kumar, R. 1971. Psychopharmacologia
19:163-87

Kumar, R. 1971. Psychopharmacologia
19:297-312

Morrison, C. F., Stephenson, J. A.
1970. Psychopharmacologia 18:133-43
Morrison, C. F., Stephenson, J. A.
1972. Psychopharmacologia 24:456-61
Chute, D. L., Wright, D. C. 1973.
Science 180:878-80

Wright, D. C, Chute, D. L. 1973. Psy-
chopharmacologia 31:91-94

Davies, J. A., Navaratnam, V., Redf-
ern, P. H. 1974. Br. J Pharmacol.
51:447-51

Bainbridge, J. G, Greenwood, D. T.
1971. Neuropharmacology 10:453-58
Ross, N., Monti, J. M. 1971. Psycho-
pharmacologia 22:31-44

Chisholm, D. C., Couch, J. V., Moore,
J. W. 1971. Psychon. Sci. 23:2034

103.
104.

105.

106.
107.

108.

109.
110.

111.

112.
113.

114.
115.

116.

117.

118.
119.

120.
121.
122.

123.
124.
125.
126.
127.

Chisholm, D. C., Moore, J. W. 1970.
Psychopharmacologia 18:162-71
Kamano, D. K. 1973. Psychophar-
macologia 28:45-50

Kamano, D. K. 1973. Physiol. Psychol.
1:321-23

Cook, L., Catania, A. C. 1964. Fed.
Proc. 23:818-35 :

Dinsmoor, J. A., Bonbright, J. C. Jr,,
Lilie, D. R. 1971. Psychopharmacologia
22:323-32

Bignami, G., De Acetis, L. Gatti, G. L.
1971. J.  Pharmacol. Exp. Ther.
176:725-32

Bignami, G., De Acetis, L. 1973. Phar-
macol. Biochem. Behav. 1:277-83
Cannizzaro, G., Nigito, S., Provenzano,
P. M., Vitikova, T. 1972. Arzneim.
Forsch. 22:772-76

Goldberg, M. E., Hefner, M. A., Robi-
chaud, R. C., Dubinsky, B. 1973. Psy-
chopharmacologia 30:173-84

Iwahara, S. 1971. Jpn. Psychol. Res.
13:207-18

Leathwood, P. D., Bush, M. S., Mau-
ron, J. 1975. Psychopharmacologia
41:105-9

Martin, L. K, Powell, B. J. 1970.
Psychon. Sci. 18:44-45

Pirch, J. H., Osterholm, K. C. 1974.
Res. Commun. Chem. Pathol. Phar-
macol. 8:203-11

Robichaud, R. C., Sledge, K. L.,
Hefner, M. A., Goldberg, M. E. 1973.
Psychopharmacologia 32:157-60
Sachs, E. Weingarten, M. Klein,
N. W. Jr. 1966. Psychopharmacologia
9:17-30

Sansone, M, Renzi, P, Amposta, B.
1972. Psychopharmacologia 27:313-18
Taber, R. I, Latranyi, M. B., Steiner,
S. S. 1967. Pharmacologist 9:200
(Abstr.)

Davidson, A. B. 1970. Proc. 78th Ann.
Conv. Am. Psychol. Assoc. 5:807-8
Takaori, S.,, Yada, N., Mori, G. 1969.
Jpn. J. Pharmacol. 19:587-96

Steiner, S. S, Fitzgerald, H. L., Taber,
R. 1. 1967. Pharmacologist 9:200
(Abstr.)

Chisholm, D. C, Moore, J. W. 1970.
Psychon. Sci. 19:21-22

Kamano, D. K., Arp, D. J. 1964. Psy-
chopharmacologia 6:112-19

Gupta, B. D., Holland, H.C. 1969. Psy-
chopharmacologia 14:95-105

Gupta, B. D., Holland, H. C. 1969. Int.
J. Neuropharmacol. 8:227-34

Emley, G. S., Hutchinson, R. R. 1971.
Proc. 79th Ann. Conv. Am. Psychol. As-
soc. 6:759-60



Annu. Rev. Pharmacol. Toxicol. 1976.16:329-366. Downloaded from www.annualreviews.org
by Central College on 12/14/11. For personal use only.

128.
129.
130.
131.
132.
133.
134.
135.

136.
137.

138.

139.

140.
141.
142.

143.
144.
145.
146.

147.
148.
149.
150.
151.

152.

153.

BEHAVIORAL PHARMACOLOGY AND TOXICOLOGY 361

Izquierdo, 1. 1974. Psychopharma-
cologia 38:259-66

Henriksson, B. G, Jarbe, T. 1971. Psy-
chopharmacologia 20:186-90

Iwahara, S., Noguchi, S. 1972. Jpn. Psy-
chol. Res. 14:141-44

Pusakulich, R. L., Nielson, H. C. 1972.
Exp. Neurol. 34:33-44
Christy, D., Reid, L.
Psychon. Soc. 5:175-77
Cooper, S., Coon, K., Mejta, C., Reid,
L. 1974. Physiol. Psychol. 2:519-22
Kamano, D. K. 1972. Behav. Res. Ther.
10:367-70

Kamano, D. K., Powell, B. J., Martin,
L. K, Ogle, M. E. 1967. Psychol Rec.
17:97-102

Ziskind, D., Amit, Z., Baum, M. 1974.
Psychopharmacolo ia 38:231-38
Benson, H. J., Herd, J. A., Morse,
W. H, Kelleher, R. T. 1970. J. Phar-
macol. Exp. Ther. 173:399-406
Bloch, S., Pragay, E. B, Mirsky, A. F.
1973. Pharmacol. Biochem. Behav.
1:29-34

Corson, S. A.,, O’Leary Corson, E.
1967. Neuro-Psycho-Pharmacol. Proc.
Int. Congr. Coll. Int. Neuro-Psycho-
Pharmacol., 5th, 857-18

Delini-Stula, A., Morpurgo, C. 1970.
Int. J. Psychobiol. 1:71-75
Delini-Stula, A. 1971.
macologia 20:153-59

1975. Bull.

Psychophar-

Bassett, J. R., Cairncross, K. D. 1974.
Arch. Imt.  Pharmacodyn.  Ther.
212:221-29

Lahti, R. A, Barsuhn, C. 1974. Psycho-
pharmacologia 35:215-20

i\llnsg;, A. 1967. Psychol. Learn. Motiv.
Gray, J. A. 1970. Psychol. Rev.
77:465-80

Barry, H. III, Wagner, A. R., Miller,
N. E. 1962. J. Comp. Physiol. Psychol.
55:464-68

Wagner, A. R,, 1963. J. Exp. Psychol.
65:474-77

Gray, J. A, Araujo-Silva, M. T. 1971.
Psychopharmacologia 22:8-22
Dudderidge, H. J., Gray, J. A. 1974.
Psychopharmacologm 35:365-70
Ison, J. R,, Pennes, E. S. 1969. J. Comp.
Physiol. Psychol 68:215~19

Iwahara, S., Nagamura, N., Iwasaki, T
1967. Jpn. Psychal Res. 9:128-34
Molinengo, L., Ricci-Gamalero, S.
1969. Arch. Int. Pharmacodyn. Ther.
180:217-31

Tessel, R. E., Lash, S. 1968. Proc. 76th
Ann. Conv. Am. Psychol. Assoc.
3:149-50

154.

155.
156.

157.
158.
159.

161.
162.
163.
164.
165.
166.
167.
168.
169.
170.
171.
172.
173.

174.
175.
176.

176a.

177.

178.

Tessel, R. E. 1969. The effects of chlor-
diazepoxide and sodium amobarbital on
the partial reinforcement effects in the
runway. MA thesis. Univ. Illinois,
Chicago. 30 pp.

Gray, J. A. 1969. J. Comp. Physiol. Psy-
chol. 69:55-64

Iwahara, S., Iwasaki, T, Nagamura,
N., Masuyama, E. 1966. Jpn. Psychol.
Res. 8:131-35

Rosen, A. J,, Glass, D. H., Ison, J. R.
1967. Psychon. Sci. 9:129-30

Rosen, A. J., Tessel, R. E. 1970. J.
Comp. Physiol. Psychol. 72:257-62
Vogel, J. R,, Principi, K. 1971. Psycho-
pharmacologia 21:8-12

. Heise, G. A., Laughlin, N., Keller, C.

1970. Psychopharmacologia 16:345-68
Ison, J. R, Northman, J. 1968. Psychon.
Sci. 12:185-86

Ridgers, A., Gray, J. A. 1973. Psycho-
pharmacologia 32:265-70

Capaldi, E. J. 1967. Psychol. Learn.
Motiv. 1:67-156

S@ltysik, S., Gasanova, R. 1969. Acta
Biol. Exp. Warsaw 29:29-49

Griffiths, R. R., Thompson, T. 1973.
Psychol. Rep. 33:323-34

Griffiths, R. R, Thompson, T. 1974.
Pharmacol. Biochem. Behav. 2:331-38
Fowler, S. C. 1974. Pharmacol. Bio-
chem. Behav. 2:155-60

Freedman, P. E, Rosen, A. J. 1969.
Psychopharmacologia 15:39-47
Gray, J. A, Dudderidge, H.
Neuropharmacology 10:217-22
Ison, J. R, Daly, H. B, Glass, D. H.
1967. Psychol. Rep. 20:491-96
Ludvigson, H. W. 1967. Psychon. Sci.
8:115-16

Norton, P. R. E. 1971. Br. J. Phar-
macol. 41;317-30

Capaldi, E. J., Berg, R. F., Sparling,
D. L. 1971. J. Comp. Physiol. Psychol.
76:290-99

Ziff, D. R., Capaldi, E. J. 1971. J. Exp.
Psychol. 87:263-69

Capaldi, E. J.,, Sparling, D. L. 1971.
Psychon. Sci. 23:215-17

Capaldi, E. J., Sparling, D. L. 1971. J.
Comp. Physiol. Psychol. 74:467-71
Gray, J. A. 1976. Handbook of Psycho-
pharmacology, Sect. 2, Behavioral Phar-
macology in Animals, ed. L. L. Iversen,
S. D. Iversen, S. H. Snyder. New York:
Plenum. In press

Konorski, J. 1967. The Integrative Ac-
tivity of the Brain. Chicago Univ.
Chicago Press. 531 p

Beer, B., Chasin, M., C]ody,D E., Vo-

1971.



Annu. Rev. Pharmacol. Toxicol. 1976.16:329-366. Downloaded from www.annual reviews.org
by Central College on 12/14/11. For personal use only.

362

179.

180.
181.

182.
183.
184.
185.
186.
187.
188.

189.
190.
191

192.

193.
194.
195.

196.

197.
198.
199.
200.

201.

202.

203.

BIGNAMI

gel, J. R, Horovitz, Z. P. 1972. Science
176:428-30

Clody, D. E, Beer, B, Lenard, L. G.
1972. Proc. 80th Ann. Conv. Am. Psy-
chol. Assoc. 7:825-26

Geller, I, Blum, K. 1970. Eur. J. Phar-
macol. 9:319-24

Geller, I., Hartmann, R. J, Croy, D. J.
1974. Res. Commun. Chem. Pathol.
Pharmacol. 7:165-74

Graeff, F. G. 1974. J. Pharmacol. Exp.
Ther. 189:344-50

Graeff, F. G., Schoenfeld, R. 1. 1970. J.
Pharmacol. Exp. Ther. 173:277-83
Hartmann, R. J,, Geller, I. 1971, Life
Sci. 10: Part I, 927-33

Robichaud, R. C., Sledge, K. L. 1969.
Life Sci. 8: Part I, 965-69

Stein, L., Wise, C. D. 1974. Adv. Bio-
chem. Psychopharmacol. 11:281-91
Stevens, D. A., Fechter, L. D. 1969.
Life Sci. 8: Part II, 379-85

Wise, C. D., Berger, B. D., Stein, L.
1970. Proc. 78th Ann. Conv. Am. Psy-
chol. Assoc. 5:821-22

Wise, C. D., Berger, B. D., Stein, L.
1973. Biol. Psychiatry 6:3-21

Appel, J. B. 1971. Psychopharmacologia
21:174-86

Key, B. J. 1961. Psychopharmacologia
2:352-63

Bovet, D, Robustelli, F., Bignami, G.
1965. C. R. Hebd. Seances Acad. Sci.
260:4641-45

Winter, J. C. 1972. Arch. Int. Phar-
macodyn. Ther. 197:147-59
Campbell, A. B,, Brown, R. M,, Seiden,
L. S. 1971. Physiol. Behav. 7:853-57
Cole, J. M, Pieper, W. A. 1973. Psycho-
pharmacologia 29:107-12

Ho, B. T., Mclsaac, W. M., An, R,,
Harris, R. T., Walker, K. E., Kralik,
P. M., Airaksinen, M. M. 1970. Psycho-
pharmacologia 16:385-94

Rosen, A. J., Buga, J. 1969. Arch. Int.
Pharmacodyn. Ther. 180:299-308
Rosen, A. J.,, Cohen, M. E. 1973.
Neuropharmacology 12:501-8

Winter, J. C. 1969. J. Pharmacol. Exp.
Ther. 169:7-16

Boggan, W. O., Freedman, D. X., Ap-
pel, J. B. 1973. Psychopharmacologia
33:293-98

Appel, J. B, Lovell, R. A., Freedman,
D. X. 1970. Psychopharmacologia
18:387-406

Appel, J. B, Sheard, M. H., Freedman,
D. X. 1970. Commun. Behav. Biol.
5:237-41

Blakely, T. A. Parker, L. F. 1973.
Pharmacol. Biochem. Behav. 1:609-13

204.
205.
206.
207.

Brody, J. F. Jr. 1970. Psychophar-
macologia 17:14-33

Srebro, B., Lorens, S. A. 1975. Brain
Res. 89:303-25

Lorens, S. A. 1973. Pharmacol. Bio-
chem. Behav. 1:487-90

Schlesinger, K., Schreiber, R. A,
Pryor, G. T. 1968. Psychon. Sci.
11:225-26

207a. Steranka, L. R., Barrett, R. J. 1974,

208.

Behav. Biol. 11:205-13
Takaori, S., Tanaka, C. 1970. Jpn. J.
Pharmacol. 20:607-9

208a. Vorhees, C. V., Schaefer, G. J., Bar-

209.
210.
211,
212

213.
214
215.

216.

217.

218.

219.
220.

221.

222.

223.

224,
225.

rett, R. J. 1975, Pharmacol. Biochem.
Behav. 3:279-84

Tanaka, C, Yoh, Y.-J, Takaori, S.
1972. Brain Res. 45:153-64

Tenen, S. S. 1967. Psychopharmacologia
10:204-19

Cuomo, V., Marino, A. 1974. Phar-
macol. Res. Commun. 6:531-37

Yen, H. C. Y., Katz, M. H,, Krop, S.
1971. Arch. Int. Pharmacodyn. Ther.
190:103-9

McCleary, R. A. 1966. Progr. Physiol.
Psychol. 1:209-72

Rake, A. V. 1973. Psychopharmacologia
29:91-100

Barchas, J.,, Usdin, E., eds. 1973.
Serotonin and Behavior. New York:
Academic. 642 pp.

Costa, E., Gessa, G. L., Sandler, M.,
eds. 1974. Adv. Biochem. Psychophar-
macol. 10:1-329, 11:1-428

Sandler, M., Gessa, G. L., eds. 1975.
Sexual Behavior—Pharmacology and
Biochemistry. New York: Raven.
354 pp.

Chase, T. N,, Murphy, D. L. 1973. 4nn.
Rev. Pharmacol. 13:181-97

Bignami, G. 1976. Acta Neurobiol. Exp.
36: In press

Glick, S. D. 1976. Behavioral Phar-
macology, ed. S. D. Glick, J. Goldfarb.
St. Louis: Mosby. In press

Grossman, S. P., Sclafani, A. 1971.
Pharmacological and Biophysical Agents .
and Behavior, ed. E. Furchtgott, 269-
344. New York: Academic. 402 pp.
Harvey, J. A, Schlosberg, A. J,
Yunger, L. M. 1975. Fed. Proc.
34:1796-1801

Margules, D. L., Margules, A. S. 1973.
Efferent Organization and the Integra-
tion of Behavior, ed. J. Maser, 203-28.
New York: Academic. 375 pp.

Krsiak, M. 1974, Res. Commun. Chem.
Pathol. Pharmacol. 7:237-57

Miczek, K. A, Barry, H. III. 1976. See
Ref. 220



Annu. Rev. Pharmacol. Toxicol. 1976.16:329-366. Downloaded from www.annual reviews.org
by Central College on 12/14/11. For personal use only.

226.
227.

228.

229.
230.

231
232.

233.
234
235.
236.
237.

238.

239.

240.

241.

242,
243,
244.

BEHAVIORAL PHARMACOLOGY AND TOXICOLOGY 363

Brimblecombe, R. W.
Trends Toxicol. 1:149-74
Porter, R., Birch, J., eds. 1970. Chemi-
cal Influences on Behaviour. London:
Churchill. 221 pp.

Van Gelder, g A, Carson, T. L.,
Smith, R. M., Buck, W. B., Karas,
G. G. 1973. J. Am. Vet. Med. Assoc.
163:1033-35

Weiss, B., ed. 1975. Fed. Proc. 34:1754-
1903

Weiss, B., Laties, V. G., eds. 1975. Be-
havioral Toxicology. New York: Ple-
num. 469 pp.

Weiss, B, Spyker, J. M. 1974. Pediatrics
53:851-56

Xintaras, C., Johnson, B. L., De Groot,
I, eds. 1974. Behavioral Toxicology.
Early Detection of Occupational Haz-
ards. Washington DC: US Dep. of
Health Educ. Welfare. 508 pp.

Barry, H. III 1974. Fed. Proc
33:1814-24

Jarbe, T.U.C., Henriksson, B. G. 1974.
Psychopharmacologia 40:1-16

Bindra, D., Reichert, H. 1966. Psychon.
Sci, 4:95-96

Bindra, D., Nyman, K, Wise, J. 1965.
J. Comp. Physiol. Psychol. 60:223-28
Connelly, J. F., Connelly, J. M., Epps,
J. O. 1973. Psychopharmacologia 30:
275-82

Connelly, J. F., Connelly, J. M., Phifer,
R. 1975. Psychopharmacologia 41:
13943

Braude, M. C, Harris, L. S., May,
E. L., Smith, J. P, Villarreal, J. E., eds.
1973. Adv. Biochem. Psychopharmacol.
8:1-592

Clouet, D. H., Iwatsubo, K. 1975. Ann.
Rev. Pharmacol. 15:49-71

Goldberg, L., Hoffmeister, F., eds.
1973. Psychic Dependence. Berlin:
Springer. 244 pp.

Schuster, C. R., Thompson, T. 1969.
Ann. Rev. Pharmacol. 9:483-502
Schuster, C. R,, Johanson, C. E. 1974.
Res. Adv. Alcohol Drug Probl. 1:1-31
Singh, J. M., Miller, L. H,, Lal, H,, eds.
1972. Drug Addiction. I. Experimental
Pharmacology. Mount Kisco, NY:
Futura. 288 pp.

1968. Mod.

244a. Lynch, J. J., Fertziger, A. P., Teitel-

245.
246.
247.

baum, H. A, Cullen, J. W,, Gantt, W.
H. 1973. Cond. Reflex 8:211-23
Revusky, S., Garcia, J. 1970. Psychol.
Learn. Motiv. 4:1-84

Garcia, J., Hankins, W. G., Rusiniak,
K. W. 1974. Science 185:824-31
Berger, B. D. 1972. J. Comp. Physiol.
Psychol. 81:21-26

247a.

248,

249,
250.
251

252.

253.
254.
255.
256.
257,
258.

Vogel, J. R., 1976. Neurobiology of
Drug Dependence. I. Behavioral Analy-
sis of Drug Dependence, ed. H. Lal, J.
Singh. New York: Futura. In press
Cappell, H., LeBlanc, A. E., Endrenyi,
L. 1973. Psychopharmacologia 29:
239-46
Eckardt, M. J,, Skurdal, A. J,, Brown,
J. S. 1974. Physiol. Psychol. 2:89-92
Lester, D, Nachman, M,, Le Magnen,
J. 1970. Q. J. Stud. Alcohol 31:578-86
Coussens, W. R., Crowder, W. F., Da-
vis, W. M. 1973. Psychopharmacologia
29:151-57
Bignami, G., Pinto-Scognamiglio, W.,
Gatti, G. L. 1973. Proc. Eur. Soc. Study
Drug Toxic. 15:33-42
Cappell, H., LeBlanc, A. E. 1971. Psy-
chopharmacologia 22:352-56
Cappell, H., LeBlanc, A. E. 1973. J.
Comp. Physiol. Psychol. 85:97-104
Carey, R.J. 1973. Pharmacol. Biochem.
Behav. 1:227-29
Carey, R. J. 1973. Pharmacol. Biochem.
Behav. 1:265-69
Martin, J. C, Ellinwood, E. H. Jr. 1973.
Psychopharmacologia 29:253-61 )
Martin, J. C,, Ellinwood, E. H. Jr. 1974.
Psychopharmacologia 36:323-35

258a. Vogel,J. R., Nathan, B. A. 1975. Phar-

259.
260.

261.
262.
263.
264.
265.
266.
267.
267a.
268.

269.
270.

macol. Biochem. Behav. 3:189-94
Corcoran, M. E., 1973. Life Sci. 12:
Part I, 63-72
Corcoran, M. E., Bolotow, 1., Amit, Z.,
McCaughran, J. A. Jr. 1974. Phar-
macol. Biochem. Behav. 2:725-28
Elsmore, T. F. 1972. Proc. 80th Ann.
Conv. Am. Psychol. Assoc. 7:817-18
Elsmore, T. F., Fletcher, G. 1972.
Science 175:911-12
Miller, L. L., Drew, W. G. 1974. Psy-
chol. Bull. 81:401-17
Paton, W. D. M. 1975. Ann. Rev. Phar-
macol. 15:191-220
Cameron, O. G., Appel, J. B. 1972.
Psychon. Sci. 27:3024
Cameron, O. G., Appel, J. B. 1972. J.
Exp. Anal. Behav. 17:127-37
Cappell, H, LeBlanc, A. E., Endrenyji,
L. 1972. Physiol. Behav. 9:167-69
Johanson, C. E, Schuster, C. R. 1975.
J. Pharmacol. Exp. Ther. 193:676-88
Goldberg, S. R., Hoffmeister, F,
Schlichting, U., Wuttke, W. 1971. J.
Pharmacol. Exp. Ther. 179:268-76
Hoffmeister, F., Wuttke, W. 1973, Ps)-
chopharmacologia 33:247-58
Goldberg, S. R, Hoffmeister, F.,
Schlichting, U. U. 1972. See Ref. 244,
pp. 31-48



Annu. Rev. Pharmacol. Toxicol. 1976.16:329-366. Downloaded from www.annual reviews.org

by Central College on 12/14/11. For personal use only.

364

271
272.
273,
274.

275.
276.
277.

278.
279.

280.
281.
282.
283.
284,
285.
286.
287.
288.

289.
289a.
290.
291.
292.
293.
294.
2%4a.
295.
296.

BIGNAMI

Hoffmeister, F., Wuttke, W. 1973. See
Ref. 239, pp. 361-69

Hoffmeister, F. 1975. J. Pharmacol.
Exp. Ther. 192:468-177

Hoffmeister, F., Goldberg, S. R. 1973.
J. Pharmacol. Exp. Ther. 187:8-14
Joffe, J. M. 1969. Prenatal Determinants
of Behaviour. Oxford: Pergamon.
366 pp.
Kornetsky, C. 1970.

macologia 17:105-36

Vernadakis, A., Weiner, N., eds. 1974.
Adv. Behav. Biol. 8:1-537

Werboff, J. Principles of Psychophar-
macology, ed. W. G. Clark, J. Del Giu-
dice, 343-53. New York: Academic.
814 pp.

Young, R. D. 1967. Psychol. Bull.
67:73-86

Middaugh, L. D., Blackwell, L. A., San-
tos, C. A. III, Zemp, J. W. 1974. Dev.
Psychobiol. 7:429-38

Tonge, S. R. 1973. B». J. Pharmacol.
47:425-27

Tonge, S. R. 1973. J. Neurochem.
20:625-27

Kellogg, C., Lundborg, P., Roos, B. E.
1972. Brain Res. 40:469-75
Lundborg, P., Roos, B. E. 1974, J.
Pharm. Pharmacol. 26:816-18

Baker, P. C.,, Hoff, K. M. 1975. Gen.
Pharmacol. 6:19-22

Branchey, L., Friedhoff, A. J. 1973. Psy-
chopharmacologia 32:151-56

Schaefer, G. J., Buchanan, D. C., Ray,
0. S. 1973, Life Sci. 12: Part I, 401411
Banerjee, U. 1975. Psychopharma-
cologia 41:113-16

Nasello, A. G., Astrada, C. A,
Ramirez, O. A. 1974, Psychophar-
macologia 40:25-31

Seliger, D. L. 1973. Physiol. Psychol.
1:273-80

Sobrian, S. K., Weltman, M., Pappas,
B. A. 1975. Dev. Psychobiol. 8:241-50
Gauron, E. F., Rowley, V. N. 1972. Psy-
chopharmacologia 26:73-78

Gauron, E. F., Rowley, V. N. 1969. Psy-
chopharmacologia 16:5-15

Gauron, E. F., Rowley, V. N. 1971.
Eur. J. Pharmacol. 15:171-75
Gauron, E. F., Rowley, V. N. 1971. Psy-
chol. Rep. 29:497-98

Gauron, E. F,, Rowley, V. N. 1973. Psy-
chopharmacologia 30:269-74
Ahlenius, S., Engel, J, Lundborg, P.
1975. Arch. Pharmacol. 288:185-93
Golub, M., Kornetsky, C. 1974. Dev.
Psychobiol. 7:79-88

Borgen, L. A, Davis, W. M, Pace,

Psychophar-

297.
298.
299.

300.
3o1.
302

303.
304.

30s5.

306.
307.

H. B. 1973. Pharmacol. Biochem.
Behav. 1:203-6

Gianutsos, G., Abbatiello, E. R. 1972.
Psychopharmacologia 27:117-22

Le Boeuf, B. J., Peeke, H. V. S. 1969.
Psychopharmacologia 16:49~53

Peeke, H. V. S, Le Boeuf, B. J,, Herz,
M. ). 1971. Psychopharmacologia 19:
262-65

Schaefer, G. J,, Buchanan, D. C,, Ray,
O. S. 1974. Behav. Biol. 10:253-58
Stein, D. G. 1971. Commun. Behav.
Biol. 6:335-40

Rosenzweig, M. R., Bennett, E. L.
1972. J.  Comp. Physiol. Psychol.
80:304-13

Coyle, I. R., Singer, G. 1975. Psycho-
pharmacologia 41:237-44

Bignami, G., Rosié, N., Michalek, H.,
Milosevi€é, M., Gatti, G. L. 1975. See
Ref. 230, 155-210

Russell, R. W., Overstreet, D. H., Cot-
man, C. W,, Carson, V. G., Churchill,
L., Dalglish, F. W., Vasquez, B. J. 1975.
J. Pharmacol. Exp. Ther. 192:73-85
Weis, P., Weis, J. S. 1974. Environ. Res.
7:68-74

Van Gelder, G. A. 1975. See Ref. 230,
217-37

307a. Hrdina, P. D,, Singhal, R. L., Ling,

308.

309.
310.

L
312
313.

314.
315.
316.
317.
318.
319.
320.
321

G. M. 1975. Adv. Pharmacol. Chemo-
ther. 12:31-88

Bourgeois, A. E., Casey, A. 1974. Psy-
chol. Rep. 35:997-98

Burt, G. S. 1975. See Ref. 230, 241-62
Joy, R. M. 1974. Neuropharmacology
13:93-110

Paulsen, K., Adesso, V. J., Porter, J. J.
1975. Bull. Psychon. Soc. 5:117-19
Peterle, A. F., Peterle, T.J. 1971. Bull.
Environ. Contam. Toxicol. 6:401-5
Smith, R. M., Cunningham, W. L. Jr,,
Van Gelder, G. A, Karas, G. G. 1975.
J. Toxicol. Environ. Health. In press
Sobotka, T. J. 1971. Proc. Soc. Exp.
Biol. Med. 137:952-55

Sés, J., Dési, I. 1972. Recent Dev.
Neurobiol. Hung. 3:133-65
Al-Hachim, G. M. 1971. Psychophar-
macologia 21:370-73

Al-Hachim, G. M., Al-Baker, A. 1973.
Br. J. Pharmacol. 49:311-15
Al-Hachim, G. M., Fink, G. B. 1967.
Psychol. Rep. 20:1183-87

Al-Hachim, G. M,, Fink, G. B. 1968.
Psychol. Rep. 22:1193-96

Al-Hachim, G. M., Fink, G. B. 1968.
Psychopharmacologia 13:408-12
Al-Hachim, G. M., Fink, G. B. 1968.
Psychopharmacologia 12:424-27



Annu. Rev. Pharmacol. Toxicol. 1976.16:329-366. Downloaded from www.annual reviews.org
by Central College on 12/14/11. For personal use only.

BEHAVIORAL PHARMACOLOGY AND TOXICOLOGY 365

322. Craig, G.R., Ogilvie, D. M. 1974. Envi-
ron. Biochem. Physiol. 4:189-99

323. Sobotka, T. J, Brodie, R. E, Cook,
M. P. 1972. Dev. Psychobiol. 5:137-48

" 324. Kihlstrém, J. E., Lundberg, C., Orberg,

J,, Danielsson, P. O, Sydhoff, J. 1975.
Environ. Biochem. Physiol. 5:54-57

324a. Gellert, R. J,, Heinrichs, W. L. 1975.
Biol. Neonate 26:283-90

325. Sjodén, P.-O., Soderberg, U. 1972.
Physiol. Behav. 9:357-60

325a. Sjodén, P.-O., Soderberg, U. 1975.
Physiol. Psychol. 3:175-78

326. Hrdina, P. D, Singhal, R. L., Peters,
D.A.V, Ling, G. M. 1971. Eur. J. Phar-
macol. 15:379-82

327. Hrdina, P. D, Singhal, R. L., Peters,
D.A.V,, Ling, G. M. 1972. Eur. J. Phar-
macol. 20:114-17

328. Hrdina, P. D., Peters, D.A.V., Singhal,
R. L. 1974. Eur. J. Pharmacol.
26:306-12

329. Kar, P. P, Matin, M. A. 1974. Eur. J.
Pharmacol. 25:36-39

330. Matin, M. A, Kar, P. P. 1974. Phar-
macol. Res. Commun. 6:357-62

331. Gruener, N. 1974. Pharmacol. Bio-
chem. Behav. 2:267-69

. 332. Stokes, J. D, Scudder, C. L. 1974. Dev.

Psychobiol. 7:343-50

333. Stone, D., Matalka, E., Riordan, J.
1969. Nature London 224:1326-28

334. Stone, D., Matalka, E. 1970. Fed. Proc.
29:657 (Abstr.)

335. Araujo, P. E, Mayer, J. 1973. Am. J.
Physiol. 225:764-65

336. Berry, H. K, Butcher, R. E., Elliot,
L. A, Brunner, R. L. 1974. Dev. Psy-
chobiol. 7:165-73

337. Pradhan, S. N,, Lynch, J. F. Jr. 1972.
Arch. Int. Pharmacodyn. Ther. 197:
301-4

338. Nagasawa, H. Yanai, R., Kikuyama, S.
1974. Acta Endocrinol. Copenhagen
75:249-59

339. Tadokoro, S, Higuchi, Y., Kuribara,
H., Okuzumi, K. 1974. Pharmacol. Bio-
chem. Behav. 2:619-25

340. Pinto-Scognamiglio, W., Amorico, L.,
Gatti, G. L. 1972. Farmaco Ed. Prat.
27:19-27

34]1. Beliles, R. P, Clark, R. S,, Yuile, C. L.
}268.1 Toxicol. Appl. Pharmacol. 12:

-2

342. Braun, J. J,, Snyder, D. R. 1973. Bull.
Psychon. Soc. 1:419-20

343, Klein, S. B., Atkinson, D. J. 1973. Bull.
Psychon. Soc. 1:437-38

344 Klein, S. B, Barter, M. J,, Murphy,
A. L, Richardson, J. H. 1974. Physiol.
Psychol. 2:397-400

345. Lahue, R. 1973. Bull. Environ. Contam.
Toxicol. 10:166-69

346. Lehotzky, K., Mészaros, L 1974. Acta
Pharmacol. Toxicol. 35:180-84

347. Morganti, J. B., Lown, B. A, Stineman,
C., Massaro, E. J. 1974. Psychol. Rep.
35:901-2

348. Post, E. M, Yang, M. G,, King, J. A,
Sanger, V. L. 1973. Proc. Soc. Exp. Biol.
Med. 143:1113-16

349. Richardson, R.J., Murphy, S. D. 1974.
Toxicol. Appl. Pharmacol. 29:289-300

350. Salvaterra, P, Lown, B, Morganti, J.,
Massaro, E. J. 1973. Acta Pharmacol.
Toxicol. 33:177-90

351. Thaxton, J. P, Parkhurst, C. R. 1973.
Proc. Soc. Exp. Biol. Med. 144:252-55

352. ;’il;ﬂli, W. F. 1974. Psychol. Rep.
5:3-9

353. Weir, P. A., Hine, C. H. 1970. Arch.
Environ. Health 20:45-51

354. Weiss, B. 1974. Behavioral Methods for
Investigating Environmental Health
Effects. Presented at CEC - EPA -
WHO Int. Symp. Environ. Health,
Paris

354a. Evans, H. L, Laties, V. G,, Weiss, B.
1975. Fed. Proc. 34:1858-67

355. Weiss, B. 1973. Behav. Res. Methods In-
strum. 5:67-79

355a. Laties, V. G. 1975. Fed. Proc.
34:1880-88

356. Weiss, B.,, Simon, W. 1975. See Ref.
230, 429-35

357. Hughes, J.,, Annau, Z,, Goldberg, A. M.
1972. Fed. Proc. 31:552 (Abstr.)

357a. Heinz, G. 1975. Bull. Environ. Con-
tam. Toxicol. 13:554-64

358. Olson, K., Boush, G. M. 1975. Bull.
Environ. Contam. Toxicol. 13:73-79

359. Rosenthal, E., Sparber, S. B. 1972. Life
Sci. 11: Part I, 883-92

360. Sobotka, T. J, Cook, M. P, Brodie,
R. E. 1974. Biol. Psychiatry 8:307-20

361. Spyker, J. M. 1975. See Ref. 230,
311-44

36la. Spyker, J. 1975. Fed. Proc. 34:1835-44

362. Spyker, J M, Sparber, S. B., Goldberg,
A. M. 1972. Saence 177:621-23

363. Brown, D.R. 1975. Toxicol. Appl. Phar-
macol. 32:628-37

364. Michaelson, 1. A., Sauerhoff, M. W.
1974. Toxicol. Appl. Pharmacol. 28:
88-96

364a. Morrison, J. H., Olton, D. S., Gold-
berg, A. M, Silbergeld, E. K. 1975. Dev.
Psychobiol. 8:389-96

365. Sauerhoff, M. W, Michaelson, I. A.
1973. Science 182:1022-24

366. Silbergeld, E. K., Goldberg, A. M.
1973. Life Sci. 13:1275-83



Annu. Rev. Pharmacol. Toxicol. 1976.16:329-366. Downloaded from www.annual reviews.org

by Central College on 12/14/11. For personal use only.

366

367.

BIGNAMI

Silbergeld, E. K., Goldberg, A. M.
1974. Exp. Neurol. 42:146-57

367a. Silbergeld, E. K., Goldberg, A. M.

368.

369.
370.

3.

3n.

373.

374.

1975. Neuropharmacology 14:431-44
Snowdon, C. T. 1973. Pharmacol. Bio-
chem. Behav. 1:599-603

Sobotka, T. J,, Cook, M. P. 1974. Am.
J. Ment. Defic. 719:5-9

Avery, D. D,, Cross, H. A., Schroeder,
T. 1974. Pharmacol. Biochem. Behav.
2:473-79

Bullock, J. D, Wey, R. J,, Zaia, J. A,
Zarembok, I., Schroeder, H. A. 1966.
Arch. Environ. Health 13:21-22
Brown, S., Dragann, N., Vogel, W. H.
1971. Arch. Environ. Health 22:370-72
Snowdon, C. T, Sanderson, B. A. 1974.
Science 183:92-94

Carson, T. L., Van Gelder, G. A., Buck,
W. B., Hoffman, L. J, Mick, D. L.,
‘I‘.&?g, K. R. 1973. Clin. Toxicol. 6:389-

375.

376.

377.

378.
379.
380.

381.
382.

383.

Carson, T. L., Van Gelder, G." A,
Karas, G. G., Buck, W. B. 1974. Envi-
ron. Health Perspect. May, Issue
7:233-37

Carson, T. L., Van Gelder, G. A,
Karas, G. G., Buck, W. B. 1974. Arch.
Environ. Health 29:154-56

Van Gelder, G. A, Carson, T. L,
Smith, R. M,, Buck, W. B, 1973. Ciin.
Toxicol. 6:405-17

Simpson, G. G. 1964. This View of Life.
New York: Harcourt Brace. 308 pp.
Tobias, L. L., MacDonald, M. L. 1974.
Psychol. Bull. 81:107-25

Berger, F. M. 1972. Adv. Pharmacol.
Chemother. 10:105-18

Crane, G. E. 1973. Science 181:124-28
Crane, G. E. 1974. Trans. NY Acad. Sci.
36:644-57

Cole, J. O. 1974. Trans. NY Acad. Sci.
36:658-62



	Annual Reviews Online
	Search Annual Reviews
	Annual Review of Pharmacology and Toxicology Online
	Most Downloaded Pharmacology and Toxicology Reviews
	Most Cited Pharmacology and Toxicology Reviews
	Annual Review of Pharmacology and Toxicology Errata
	View Current Editorial Committee


	ar: 
	logo: 



